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. NOTATION
ay, ay. a, Linear accelerations in body axes (g's)
a, Normal acceleration (g's)
C; (i=0,9) Inertia constants
-,
o~
Non-dimensional aerodynamic coefficients j§
Cp Equilibrium drag coefficient
e
CDv Derivative of drag coefficient with respect to velocity
CD Derivative of drag coefficient with respect to angle of
a
attack
o4
CL Equilibrium 1lift coefficient .
e -
.‘ -
CL Derivative of lift coefficient with respect to pitch rate -:k
q RS
. CLv berivative of lift coefficient with respect to velocity
e
CL Derivative of lift coefficient with respect to angle of Qi.
» a :_.
attack o
'
CL Derivative of 1ift coefficient with respect to rate of
a
change of angle of attack
Co Derivative of moment coefficient with respect to pitch rate
q
Cm Derivative of moment coefficient with respect to velocity
v
Cm Derivative of moment coefficient with respect to angle of
a
attack
Ca Derivative of moment coefficient with respect to rate of ' 3
a E
change of angie of attack }}:ﬂ}
RIHARAN
Cr Equiliorium thrust coefricient :;:p}¢:
e \..-..-.‘.p
PR

CT Derivative of thrust coefficient with respect to velocity
v
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NOTATION (Contd.)
Gravitational forces

Total forces in body axes
Total forces in stability axes
Total forces in air-path axes
Gravitational constant

Moments and product of inertia

Total applied moments in body axes

(N)
(N)
(N)
(N)
(ms™2)
(Kg n?)

(Nm)

Applied aerodynamic moments in stability

axes

(Nm)

Applied propulsive moments in body axes(Nm)

Direction cosines

Aircraft mass

Angular velocity components about body

axes

(Kg)

(rad. s~ 1)

Pitch and yaw rates about stability axes(rad.s~1)

Aircraft range
Body axes velocity components
Equivalent airspeed

Aircraft ground speed

(m)
(ms™1)
-1

(ms ', Knots)

(ms™ )

Components of veloeity relative to the earth(ms ')

True airspeed

(ms™ 1)

Applied aeroaynamic forces in stability axes(N)

Applied propulsiv: forces in body axes (N)

Body axes reference frame

Earth axes reference frame

stability axes reference frame
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1. INTRODUCTION

The aircraft behavioural Studies - Fixed Wing (ABS - FW) group
of Aerodynamics Division at the Aeronautical Research Laboratories (ARL)
is concerned with the flight dynamic behaviour of fixed wing aircraft, and
has the responsibility for developing flight dynamic computer models of
the advanced high performance aircraft operated by the RAAF.

This memorandum documents the basic six degrees of freedom
dynamic equations of motion incorporated in the associated simulation
program SDOFAP which was written using Advanced Continuous Simulation
Language (ACSL). The program has been developed for general use by the
ABS-FW group for aircraft simulation studies. The program presented in
Ref. (1), which was originally written using Earth axes, has been modified
to use Air-path axes for integration of the force equations to allow the
linear analysis capabilities of ACSL to be utilised more conveniently.

Section 2 of the memorandum gives a description of the program
and its structure, while section 3 deals with the axes systems, their
selection and transformation, the use of quaternions in determining
aircraft attitude, and the six degrees of freedom equations of motion.
Section 4 contains an example application of the program which
demonstrates the analytical capapilities of the ACSL language and

illustrates various alternative presentations of the output data.

2. ACSL AIRCRAFT FLIGHT DYNAMIC SIMULATION PROGRAM - SDOFAP

Tne six aegree o treedom aircraft simulation program SDOFAP has
been written in air-path axes and utilises tne analytical features of the
ACSL language. A description of ACSL and its utilisation 13 given in Ref,
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The ACSL program structure contains three primary regions, each
dealing with specific segments of program execution; these are the
INITIAL, DYNAMIC and DERIVATIVE sections. Fig. 1 illustrates the program
flow.

The INITIAL section serves the following purposes;

1. Aircraft configuration and aerodynamic data are read in at

subroutine level from an input file. This file is prepared

by the setup program FTCHOO.

2. The initialisation of state and control variables and
specification of atmospheric data and other constants is

performed.

3. The setting and updating of prescribea control variables and
runtime parameters for particular sinulation runs is

performed.

Time history calculation is carried out within the DYNAMIC
section. This portion of the program primarily administers the trimming
proceaures, prepares output variables and manages the generation and
logging of time dependent results.

Tne DERIVATIVE section contains tne detiils of the six degrees

of freeaom rlight model.

Trimming of tne aircraft equations {o  owerlormed L, a Jser
suppliec trimming sdubroutine, Tne routine PuWwlT ased in the example
application calls the subroutine EVAL, W~hivu g ives  acesss to tne
JERIVATIVE section, Because AcsL r.es not o allos e use of  common
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(3)

statements, EVAL must be appended to the ACSL program and variable values
made available by use of the ACSL inclusion character '$' as described in
Ref. (2).

To provide the trim routine with initial state and control
variables, an approximation is made before trimming. When trimming is
complete, control is transferred back to the INITIAL section.

A description of the six degree of freedom equations is given in

Section 3, and complete program listings are presented in Appendix 1,

3. SDOFAP SIMULATION MODEL
3.1 Definition of Axes Systems

All axes systems are assumed to be orthogonal, right-handed

triads, and are shown in figure 2.

(i) Earth Axes (Xg,Yg,Zg)

The origin is at a point fixed on the earth's surlace, typically
at the runway threshold and on the centreline, The x-axis points iorth,
the Y-axis East, and the Z-axis 'down' toward the centre of the eartn. It
is assumed that the eartn is flat anc non-rotatin,, such that th: earth

axes are regarded as an inertial frams.

(i1) Body Axes (Xp,Yy,2.)

Bouy axes are fixed on the a.rcraft witn the orig.n luc.
tne aircraft centre of gravity. Tne aircraft is assumed to ve riyii, «~.tn
the X-axis parallel to the norizonta, fuselage reference line ana p.inting
'forward', tne Y-axis pointing to o starpoard  (rCignl),  anl the - el

tdownwara',
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(1i1) Stability Axes (Xy,Yg,Zg)

"2

Stability axes are a special set of body axes used primarily in

A
K

" D
3

the study of small disturbances from a steady reference flight

N
«

/

condition. Aerodynamic data are frequently presented in stability axes.

¢

f-.'j These axes are displaced from the body frame by the angle of attack, a,
:-:?, such that the X-axis in the steady-state is aligned with the projection of
n

the relative wind vector on the aircraft plane of symmetry; the Y-axis
h‘d
. points to starboard, and the Z~axis 'downward'.

) (iv) Air-path Axes (X ,Yy,Zy) Py o
~ RO
N Air-path axes differ from ©oody axes by the angle of o AN

. : o

- ‘- .'.\..
::- attack, a, and the angle of sideslip, 8. The transformation from body to .j-.;.-.',x.:,
r CUNTATY

ST Al
r air-path axes 1s accomplished as shown in figure 2, by first plitching B -

N ass )

' TSN
N through -a, to coincide with the stability axes, and then yawing ::.':-.j?:‘-.
LY S
n, AR YASAS
~ through 8. The origin is located at tne aircraft centre of gravity and v \j
»> "'.I‘"J'\-r-’

, EYARE

the X-axis is aligned with the relative wind vector. @

N ' "-" N
i~ o
,'_: Note: When tne wina velocity components are czero, the air-patn axes W

S
b, coincide with the flight-path axes as defined by Fogarty and Howe (4). Y
-, R
- Etkin (3) refers to tne air-path axes as the air-trajectory reference oo '_'
::: frame (or wina axes). o

« ‘.'.','_..

o TN T
s ) AR SRR
- 3.2 Selection of Axes bR
A '._\;x‘_\'_\. '
G NUNTASS
<. The vdrious vptions for sclection of axkes systans are discussea :\:.\‘\'\.
o AR

- A

in Ref. (3) and Ref. (4). with the ca2velopment of nigh speed uigital

o

,' computers with large aata storage, Toe sclection of axes osyst2rie nas

-,

f.* become less critical,
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(i) Force Equations.

In recent years, the use of body axes for the computation and
integration of force equations has become less popular. Ref. (1), from
which this program was developed, employs earth axes to suit the
particular application in that report. However, air-path axes have been
selected here because when used in conjunction with the ACSL linear
analysis procedures they yield parameters which can be used directly for

simulation validation and assessment.

(ii) Moment Equations

The body axes system is the natural choice for the solution of
the rotational equations of motion because of the important advantage of
constant moments of inertia when calculating the moments and angular

motion of the aircraft.

3.3 Aircrart Attitude Determination
The attitvde of an aircraft is defined in terms of the
traditional Euler angles, y (heading angle), 8 (pitch attitude),
and ¢ (roll, or ‘'bank' angle). In order to avoid the problems associated
with the singularity in the Euler 'rate!' equations, wiich occurs
when & =+£90°, quaternion components (5) or direction cosines may be used
in the integration step.
Quaternion componants wWere chosen for tne following reasons:
(i) their time derivates are always [inite and continuaous,
whereas those of tne Euler angles possess singularities;

(ii) the computations remain daccurdt: a5 ¢ pproacnes 40+
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(6)

(iii) it is a four parameter method consisting of four
integrations with one constraint equation, whereas direction
cosines, in principle, require nine integrations and six
constraint equations.

The quaternion components are expressible in terms of Euler
angles as follows:
Ty = cos¢/2 cos6/2 cosy/2 + sing/2 sing/2 siny/2

T, = sin¢/2 cosB/2 cosy/2

1., = COS¢/2 cos8/2 siny/2

The

cos¢/2 sine/2 siny/2

+

cos¢/2 sing/e2 cosy/2 sing/2 cos@/2 siny/2

sin¢g/2 sine/2 cosy/2

quaternion component time derivatives are given by,

= - 1/2 (pT1 + Qrz + Rr3)
= 12 (Pt - Qu, + Rty) (2)
= 12 (P1y * Qug - RTy)
= - 172 (P1, = 1, - Rt,)

where P,Q,R are angular velocity components about body axes, ana

Failure

result

to normallze thne quaternion compornents Jat each iteration o:n

1n rhe

D
2 < € < (3)

Integration Lecominng unstable.
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Euler angles may be derived from the quaternion components or

from direction cosines by using the following relationships,

1 [ToT4 * TAT _ M
¢ = tan”! (23 0L - tan | [ (4)
T+ 1, -1/2 3
o 3
TAaTs = T,41 ~L
-1 02 1°3 -1 3
8 = tan = tan ——ee | (5)
2 2 2 24172 2 2.1/2
[(TO *T, 1/2) +(r]12+t013) ] (L, +L2 )
_ T, T, * TAT. _ L
Vo= tan 1 _1_2_2_-—2:'_-3— = tan 1 _L.g_ (6)
T +11 =1/2 1

The initial Euler angles are used to determine the initial
quaternion components, which are in turn used to calculate the direction
cosine parameters for wuse in axes transformation computations. The
quaternion components are updated at each iteration, using equation (2),
such that the direction cosines are recalculated for use in the equations

of motion, while tne Euler angles are calculated as output dita only.

3.4 Axes Transformation

Transformation of a sev of wvariables fron bod, axes to wcdrta
axes (o vice=-versa) is conveniently achieved by use of direction cosines
(7), which are ootiained in terms of tne juatern.on coaponents by the

toliowing relationsnips,
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L1 = 2 (102 + 112) -1

L, = 2 (tg1, * 1013)

L3 = 2 (1113 - rotz)

M, = 2 (1112 1013)

My = 2 (g0 v ) (7
Mj = 2 (1213 + 1011)

N, = 2 (1113 + 1012)

N, = 2 (1, T3 " ToTy)

Ny = 2 (1% 132) -1

3.5 Equations of Motion

Figure 3 is a summary of the overall six degrees of freedom

dynamic equations for the case of a flat earth.

(i) Force Equations

The aerodynamic force components are frequently computed along

stability axes, and the propulsive force components are usually supplied

in body axes. Resolution along stability axes is given by:

XS p cosa * LP31na + XA + PGX

FYS = YP + YA + FGY {8)
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(9)

where Fgy, Fgy, Fgy are the gravitational forces resolved into stability

axes through use of the direction cosines.

FGX = L3mg cosq + N3mg sina
Foy = M3mg (9)
FGZ = -L3mg sina + N3mg CcOoSsa

'g?! is assumed to be constant such that the calculated altitude in figure

3 is the geopotential height, as used in standard atmosphere calculations.

The total force components in air-path axes are obtained by

transformation of the forces in stability axes through the sideslip

angle 8.

wa = FXS COSB + FYS sinB
Fyy = = Fyg 5in8 + Fyo coss (10)
Fou = Fus

The state variavle derivatives are obtained from the dynamic equations;

« {Q Ccosp - P831n6 + sz/mVT)/cosB
g = Fin /mVT - RS (11)
VT = wa/m

where m is the aircraft mass, and virtual miss effects are ignored.

and Rg are the angular rates d4bout tne X and £ axes respectively,

stapility axes,.
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(13)

gyroscopic moments due to powerplant rotors, and thrust alignment moments,
are normally given in body axes. The aerodynamic moments are, like the
aerodynamic forces, frequently given in stability axes (3). If the
aerodynamic moments are given in body axes, the simplification of equation

(26) is obvious (i.e. set a=0).

L = LA cosa - NA sina + LP
M = MA + MP (26)
N =

LA sing + NA cosq + NP
If it is assumed that the aircraft has a p:iane of symmetry, such
that the products of inertia IYZ and IXY are zero, then the body axes

angular accelerations can be calculated by using equation (27).

Bo= L., * N.Cy+ (PCy¢ R.CYQ
. 2 2 (27)
§ = Mg+ RT - P9 g+ RPLC,
Ro= N.Cg#+ LiCy+ (PCy - RCy) Q
where
2
Co = Ixxizz = Ixz
Cy = I777%
Co = 1%
Cg = C, Iy = Iyy * 1) (8)
Cp = S Uy = 100 = C iy
C, = iy
6 T Yol
Co o= Gy (I, ~ Iy
g T LSy
Ly = oy Uyg m Lyy) oo iy
¥
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(14)

The constants Co to C9 are evaluated during initialization.
The aircraft angular velocity components may then be obtained by

integrating equation (27).

4., EXAMPLE APPLICATION: SIMULATION OF THE LONGITUDINAL MOTION
OF A LIGHT AIRCRAFT

4.1 Background.

In Ref. (6), the effects of power on the longitudinal
aerodynamic characteristics of a single engined, propeller driven
aeroplane were investigated. The simulation developed in that report was
written in FORTRAN 66 code ror the DEC system 10 computer. The
subroutines employed a model of propulsion effects on the aerodynamics of
a competition aerobatic aircraft. These subroutines have been updated to
FORTRAN 77 level and transferred to an ELXSI 6400 computer for use in the
SDOFAP model.

Appendix 2 presents a listing of the simulation program using
the master program SDOFAP.ACSL, plus the associated subroutines., Since
the aerodynamic and propulsive forces are inter-related in the power
effects modelling, tney have oeen supplied to tne ACSL program alreaay
combined in stability axes, through the subroutine AERO, and the
subroutine PROP which normaily supplies the propulsive forces was
bypassed.

The calling sequence of  the power effects subroutines  is
illustrated in Fig. 4 togetier ~ituo irief explanations of their individual

purposes.
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Preparation of the input data for this example i{s demonstrated
in Appendix 3 together with a 1listing of the data preparation program
FTCHOO. Some of the variables listed in the data tables relate to the
original power effects simulation program of Ref. (6) and are not used in
the ACSL program. It is recommended however that this format be employed

for data entry.

4.2 Time Histories
Time histories of the longitudinal dynamic behaviour of the
light aircraft have been generated in Appendix 4. Input data and command
files have been included to demonstrate the use of ACSL run-time commands.
Both the short period and phugoid modes have been analysed to

illustrate the various plotting capabilities of ACSL.

4.3 Eigen Analysis

The eigen analysis of Appendix b5 gives results for the same
flight case as in section 4.2.

By eliminating the lateral variables using the FREEZE facility,
results for the 1longitudinal modes only are obdbtained. The first
eigenvalue and 1its accompanying eigenvector are associated with the
quaternions, the second and third with the phugoid mode and the fourth and

fifth witn the short period mode.

4.4 Jacobian Analysis
The purpose of this extension to tne program is to =xtrdct tne
non-dimensional aerodynamic derivatives from tne «<.iements of the noa-

dimensional Jacobldn matrix.
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The ANALYZ 'JACOB' run-time command causes ACSL to calculate a
Jacobian matrix around the current trim point in state space. In order to
gain access to this matrix it is necessary to call the subroutine INTERM
from the ACSL library subroutine ZZEIGC. The resulting matrix comprises
the linearised small disturbance equations of longitudinal motion given in
Ref. (3) Eq. (5.13-1Y). The matrix contains ten non~zero coefficients in
rows 1 to 3 from which eleven unknown longitudinal derivatives are to be
determined. It is also noted that two elements in column 4 become zero
for zero flight path angle and that the denominators in rows 2 and 3

contain the term (2p + C, ) in which 2y is almost three orders of

L.
Q

magnitude greater tnan C The equations are therefore ill-conditioned

L.*
and in order to obtain s:;isfactory estimates for the eleven unknowns, a
number of assumptions are proposed.

T™Wo options are included in the program. the first option can
only be used if the flight-path angle Y is significantly greater than zero
and includes the assumption CTV = -3 CTe for propellor driven aircraft and
CTV = =2 CTe for jet or rocket powered aircraft. (Ref. (3) Section
7.8). The remaining ten derivatives are obtained from the ten matrix
elements, Evaluation of this method has shown that the derivatives CL.
and CL become inaccurate if |Y| < 2.0 degrees, and that the oth:r
derivagives are unreliable if |Y| < 0.2 degrees.

In the second option, it is further assumed that tne derivatives

Cm and CL are related tu Qm and CL girectly through the downwasn
Y &

“w q q
rate d</da (Ref. (3) Section 7.10) ans that Qm and Cm are r¢latea to
q o1
'CL and CL. via the tailplane non-aimensional moment arm. These
q a
additional constraints assum: that tne contributions o tne ; and i
derivatives dare entirely due t) the tailp.ane Lift.  Soevon of tne dhen w0
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derivatives are derived from the matrix elements and the remainder from
the above assumed relationships.
The secona option provides more accurate estimates of the

derivatives for cases where the assumed constraints are applicable.

5. CONCLUSIONS

The six degrees of freedom dynamic equations of aircraft motion
have been programmed using the Advanced Continuous Simulation Language for
use in aircraft simulations. The air-path axes system was chosen for the
integration of the force equations, wnile the moment equations are
integrated in body axes. Euler angles ana direction cosines have been
calculated by use of quaternion components.

Details of an exampie application nave been provided to
illustrate the use of the program and its potential. Time histories,

eigen ana jacobian analyses have been demonstrated.




L]
'l'. l\ ‘.'.'-‘.‘ 11 .

L e
1"_.."‘

e
‘l r

DA WVPRMATAENEN ) %

2

DAPAPATAIY e

7

Bt Fa R Rk ile e M

-y n,l.l,

5 YA

e

‘:’,I

i"

LR RARRR}  eehravan VUV IRRES i AT

REFERENCES

1. HALL, P.H.

2. MITCHELL & GAUTHIER,
ASSOC., INC.

3. ETKIN, B.

4., FOGARTY, L.E. &
HOWE, R.M.

5. ROBINSON, A.C.

5. MARTIN, C.A.

a8 e S N W W Y Y T Y o DTt e e SN

(18)

"A Set of Flight Dynamic Equations for Aircraft
Simulation”.

ARL-AERO-TECH-MEMO~339. June 1982

"Advanced Continuous Simulation Language (ACSL).

User Guide/Reference Manual".

"Dynamics of Atmospheric Flight".

Wiley & Sons, 1972.

"Computer Mechanization of Six Degree of Freedom

Flight Equations." NASA CR-1344, May 1969.

"On the Use of Quaternions in Simulation of
Rigid-3ody ¥otion." WADC TR 5¢-17, December

1958.

"Power effects on tne longitudiral

characteristics of a single-engine, propellor

1)

driven aircrar't." A-L-AERO-:EPOsT-1:27,

e
cor oLy

tyo <.




4
v SN AN
- LA R ] LENE Y » A FE RS )
",
-
1]
w..
4
1-
2 ) g, o] [
g 0o = v 0
- o 2 w
X @ ©
: S 5 5 .
b = a
{ =3 o o
’ 0 s .
& " m . W
3 L & < 3
s @ » =
.. 5 Z
> [ [
1 Q@ Q, «m:U. [ 5]
- . l
4 ° 0 -
1 -y
3 5 & £ «o
. S = & R
b
p £ o 5o
X S ° = °
" s 8 0% ©
X o— QO <. =
’ » 8 [
3 > g g
. d o )
X = ~ = [
g o »
. : ° n
R, > o ]
| - - < © £ S
p f=,) (@] o ° W
F - = o, —d Q
£. » — o o
v ~ = ) (3} =
h “ g .Mv. 3
. o s g
y 5 o 2] < ©
P s 9 3 5 4
’ < <, o [o) 2
¥ L = 1. < %
K, o ()] i
% o] o =4 . o
) L d Q E a
) ® 4] . 2
.’ =
£ S L
3 g @ s &
w. - m < £,
3 hel (o] <. .Mw o~
r, 2 =
~—~4
3 & 32838 %
, m = £ = S
: & 5 4 5
4 w £ » <. G
.Ih O r d
r a8 £ ho @ [U] o,
2 M b~ Q o, 0 3
b “ 2 o o 3
4 o © o L
7, -] . 3
. m ] = ot (2]
: < [ . 3] =
v. nAu = o @ U i
1
7
£
2
.
7,
4
g
k.




PSS

s 20

o,

I

TS W

PR R RS RCRF g 4

Jc‘-'l'ff__. L

¥

. F R A

Y

‘ WA R W A

LI IN

PROGRAM

v

END

INITIAL

}Smemen(s performed before the run begins. State variables do not contain
the initial conditions yet.

END

DYNAMIC
DERIVATIVE

}Statements needed to calculate derivatives of each INTEG
statement. The dynamic model.

END

}Statemcnts executed every communications interval. ‘
END
TERMINAL

}Statements executed when the termination condition TERMT becomes
true.

END

Outline of Explicitly Structured Program

FROM

EXECLTIVE

ON s1AsT
INITIAL

INITIAL
Coot
HoCcK

STATE HAS INRTIAL COND-

1TIONS TRANSFERRED AND
- o e DERIVATIVE RQUVINE 15

USED TO EVALUATE

OERIVATIVES ONCE READY

FCR DATA LOGGING

)

$TOP-=a— FALSE

]
!
DYNAME ———.i \
[}
DYNAMK i
—————- cO0t
nocx L}
|
END |
[}
I
)
|
1
|
!
[
i
1 DERIVATIVE
gyl‘l%é{}. DERIVATIVE
MUNIKCATION -_— - = EVALUATION
INTERVAL ROUTINE
iND
TERMINAL
TERMINAL
- T T s - - cobt
WK
tND

wRiTE LAST
OUTPUT &
PREPAR

LISTS

LI 1]
1O IXECUTIVE

Figure 1 . Main Program Loop of ACSL Model
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APPENDIX 1. SDOFAP PROGRAM LISTING

X R R P R Y PR Y R R P R R R R L Y ]

AR AAA]
ML RN
L T IR

AR
r‘

o)

»

2o,

o
e

Yy

SDOFAP .ACSL

Ry
XX,
,
S
S

£ r 1 ¢
[
)
.
LNy
, /L'LLl “ .

PROGRAM SDOEAP (FLIGHT SIMULATION MODEL)

13
)
['4
'.ﬁ' )

NASAS
A
8

LY R R L Yy L Y P P R Y R P Y P Y P R PR Y R Y P Y s ]

" L]
" PROGRAM NAME : Six Degrees of Freedom in Air Path axes. " ;:"
" WRITTEN BY : P.W.GIBBENS (EO1, A.R.L., ABS-EW) "
" COMPLETED : 8 MAY 1985 " RO
" DESCRIPTION : THIS PROGRAM PRESENTS A SET OF FLIGHT DYNAMIC * -
" EQUATIONS (SIX DEGREES OF FREEDOM), IN AIR-PATH AXES, FOR "
" AIRCRAFT SIMULATION USING ADVANCED CONTINUOUS SIMULATION " & «
" LANGUAGE (ACSL) ON THE A.R.L. ELXSI 64@@ COMPUTER. . AN,
" " R
L P Y P Y Y Y Y P Y P PP Y P P Y Y P PP Y LY P Y Y YRRy ] "'\( ‘h.".
RN
S
5
savaNa)
INTEGER ITLIM,MAXRES o ) d
LOGICAL  BEGIN CRTT
ARRAY VECIN (2¢) . XH (3) NSRS
AL,
_:.r!:r\,.f__.
Nadedeantnnssestadtttad INTITIAL SECTION #02dtasstatatidattasasan -.";\:\I,\:
Taralel
...
INITIAL VA
messsesesss DREPARE ALL DATA AND RUNTIME PARAMETERS ¢¢s#esssseen A
"44s READ IN CONFIGURATION AND FLIGHT CONDITION DATA ##2" .“ o
PROCEDURAL (PHID@,ALT@, VE@K,IXX,IYY,IZZ,6IXZ, 6 MASS=) e \:
e ‘-‘
CALL CAFCDI (PHID@,ALT@,VE@K,IXX,IYY,I1ZZ,IXZ,MASS) NS
AR
END  $"OF CAFCDI PROCEDURAL" DDA
"eest DEFINE ALL PRESET VARIABLES ##t" AT

"t¢¢ RUNTIME PARAMETERS ##4"

CONSTANT $"##44 RUNTIME CONTROL PARAMETERS SHOULD ###4"
CONSTANT S"#H4% BE DEFINED AT THIS POINT. SEE #asa"
CONSTANT S HuuN APPLICATION FOR EXAMPLES. #4us" ot
"
"#4¢ TRIMMING ROUTINE ITERATION PARAMETERS #*#¢" : .-\--:':
.-,:.-_..r.:.r
CONSTANT $"#4#4 TRIMMING ROUTINE PARAMETERS SHOULD ###" 2-' :-:
$"auu BE DEFINED AT THIS POINT. SEE #44" [ -
S"Heud APPLICATION FOR EXAMPLES. #an" P A
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"ass ATMOSPHERIC STANDARDS AND CONVERSION FACTORS **#*"

CONSTANT

RHOg = 1.2256

"GENERAL CONVERSION FACTORS, CONSTANTS AND VARIABLES"

CONSTANT

DEGTOR= @.$17453 , RADTOD= 57.29578
.KTOMPS= @.514773 , MPSTOK= 1.9426@2
.MTONM = ¢.9@@538 , NMTOM = 1858.5
JETTOM = ¢.3@480% , G = 9.8¢7

., PI = 3.141593 .

¥...WHERE DEGTOR= DEGREES TO RADIANS

RADTOD= RADIANS TO DEGREES
KTOMPS= KNOTS TO METRES PER SECOND
MPSTOK= METRES PER SECOND TO KNOTS

MTONM = METRES TO NAUTICAL MILES
NMTOM = NAUTICAL MILES TO METRES
FTTOM = FEET TO METRES "

"444 INITIAL CONDITIONS (FLIGHT DATA) #e¢¢"

CONSTANT

DPSIDY =@.¢ ,DPHID@ =@.@ ,DALT@ =@.@
.,  VWN =¢.¢ ., VWE =@.¢ . VWD =@.¢
, DVEgK =¢.¢ ., DXp =@.@ , DYp =p.p
. PSIDY =¢.9 ., Xg =g.¢9 . Y@ =p.¢

"4¢s ALLOW PARAMETER INCREMENTING ***"

CONSTANT

"$444 INCREMENTS TO FLIGHT CONDITION PARAMETERS ###4"
"#44#44 SHOULD BE DEFINED AT THIS POINT. THOSE #HH4"
"#444 SHOWN PERTAIN TO THE EXAMPLE APPLICATION. ###4"

@ ., DXCCP=@.@ ...

DEL1 =0.¢ . DRPM =¢.
2.¢ . DEL6 =@.¢

,DPL =@.g ., DELS

nn

"#e++ SET CONTROL INPUT PARAMETERS ##:"

"#4#4#4% REQUIRED CONTROL INPUT PARAMETERS SHOULD ###4"
"###4 BE DEFINED AT THIS POINT. THOSE SHOWN L
"HH4S PERTAIN TO THE EXAMPLE APPLICATION. #Hu4u"

CONSTANT ESTART=@.@1, TSTART=@.@1 $"¢* PULSE START TIME #+"
CONSTANT EPULSE=S.@ ,TPULSE=12@. $"¢¢ PULSE DURATION  #+"
CONSTANT EREPET=2@@., TREPET=2@@. $"** REPETITION TIME #+"
CONSTANT ETAMAX=5.@ ,THRMAX=1.@ s$"*¢ PULSE AMPLITUDE #*+"

PULMAX =ETAMAX*DEGTOR

§"*¢ CONVERT TO RADIANS #*+"

M IR RN NY] INCREMENT DATA AND PARAMETERS [ R E R R EEEEERERE NN AL

"ese ADD

PS1D@
PHI1DQ
ALT@

RUNTIME INCREMENTS TO FLICHT DATA #¢¢+"

=PSID@ +DPSID@
=PHID@ +DPHID®
= (ALT@ +DALT@) *ETTOM
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END

END

VE@K =VE@K +DVE@K
xg =X@ +DX@
Y@ =Y@ +DY@
GAMMAR=GAMMAR +DGAMMR
"s4s DEFINE INITIAL Z COORDINATE. ###"

Z¢ =-ALT@

"s¢s ADD RUNTIME INCREMENTS TO PARAMETERS ##+"
VECIN(1)=ALT@  $"#### INCREMENTS OF FLIGHT CONDITION DATA ####4"
VECIN(2)=DRPM  $"#### ARE ADDED AT SUBROUTINE LEVEL. ha4"
VECIN (3) =DXCGP
VECIN(4)=DPL  $"#### INITIAL ALTITUDE IS ALSO REQUIRED ###4"
VECIN(5)=DEL5  $"#### AT SUBROUTINE LEVEL. 444"
VECIN (6) =DEL6

CALL PARINC (VECIN,CGPOS,PLS)

"s44 CONVERT FROM EAS TO TAS #++"

PROCEDURAL (RHO=ALT@)

CALL ATMOS (ALT@,RHO)

$" OF ATMOS PROCEDURAL”
VT@K=VE@K*SQRT (RHO@/RHO)

VEg@
VI

VE@K*KTOMPS
VI@K *KTOMPS

nn

"asasdessestr SPECIFY SYSTEM EXCITATION PARAMETERS ##ttasssassas®

"ee¢+ SPECIFY TERMINATION CONDITION ##s"

CONSTANT TSTOP =@.9

"444 SPECIFY INDEPENDENT VARIABLE AS A PRECAUTION #2#"

VARIABLE TIME = @¢.¢
CINTERVAL CINT = ¢.¢
NSTEPS NSTP = @

"e4sasts APPROXIMATE TRIM VALUES FOR INITIAL CONDITIONS ##tssann

PSIRY
PHIR®

PSID@*DEGTOR
PHID@*DEGTOR

PROCEDURAL (P@.Q@.R@, BETAR@, ALPHR@, THETR@, ETARQ
, GAMMAR=VT@, PHIR@, C)

CALL TRAP (VT@, PHIR@.G,GAMMAR,P@, Q@ R@, BETAR®
,ALPHR@, THETR@, ETAR®)

$" OF TRAP PROCEDURAL "
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"ss¢ CALCULATE INERTIAL CONSTANTS ¢e¢e¢®

CP = ((IXX*IZZ)-(IXZ%IXZ))
C1 = 12z/C@

Cc2 = IXz/C@

C3 = C2%(IXX-IYY+IZZ)

C4 = ((IYY-IZZ)*Cl)-(IXZ*C2)
cs = 1.¢9/1IYY

C6 = C5+IXZ

C7 = C5+(IZZ-IXX)

c8 = IXX/CP

C9 = ((IXX-IYY)*C8)+(IXZ*C2)

Mesassassbsesstsss INITIALIZE QUATERNIONS ®aatstsntssantssnnsat

THETD@= THETR@P*RADTOD

CONTINUE

"#4NOTE:-THE EULER ANGLE (S) ARE HALVED WHEN CALCULATING...
THE QUATERNIONS"

CALL QUATNS (PSIR@, THETR@, PHIR@, TAUP@, TAU1@, TAU2§ , TAU3@)

END $"OF INITIAL"
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"44¢ THE TRANSITION FROM INITIAL TO DYNAMIC TRANSFERS kaan
"es¢¢ ALL INITIAL CONDITIONS TO THE STATE VARIABLES AND ##:"
"#¢¢ EVALUATES THE CODE IN THE DERIVATIVE SECTION ONCE. ##¢s"

IF (BEGIN) GO TO 20

"sattsesa4 TRIM AIRCRAFT WITH USER SUPPLIED SUBROUTINE #ttdésser

"#444 EXAMPLE OF TRIMMING IN RECTILINEAR ##&4"
"HHN FLIGHT USING SUBROUTINE POWIT. sH4Huu"

XH(1) =THETR@ $"#### OTHER TRIM CONDITIONS MAY BE TTTTS
XH(2) =ALPHR@ $"###% OBTAINED BY DEFINING APPROPRIATE ####"
XH(3) =ETARQ $"#4### TRIM STATES AND ASSOCIATED TRIM ###4"

s"#444 CONTROLS. EG. LEVEL BANKED TURN. ####"

PROCEDURAL (XH=XH, MAXRES, ITLIM, ERRMAX)
CALL POWIT (XH,MAXRES, ERRMAX, ITLIM)
THETR@ =XH (1)
ALPHR@ =XH (2)
ETARg =XH(3)

$ "OF POWIT PROCEDURAL"
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9 ..

BEGIN=.TRUE.
GO TO 1@

CONTINUE

Haadtddattdbtbddbodnadd DERIVATIVE SECTION tttsdtbttsddoaddotanaan

DERIVATIVE

END

Nasasddssssststasss CALCULATE CONTROL INPUTS ttttesanaaasassssan
"###4 EXAMPLE OF CONTROL INPUTS USING THE ACSL PULSE ###4"
“#444  GENERATOR, OTHER INPUT FORMS ARE AVAILABLE. ###4"

PROCEDURAL {ETAR, PLS= e
ETAR@, DELPL, ESTART, EREPET, EPULSE, TSTART, TREPET, TPULSE)

DELETA=PULMAX*PULSE (ESTART, EREPET, EPULSE)
DELPL =THRMAX*PULSE (TSTART, TREPET, TPULSE)
ETAR=ETAR@+DELETA

CALL CONTROLS (ETAR, DELPL,PLS)
ETAD=ETAR *RADTOD

$ "OF CONTROLS PROCEDURAL"

"esseesess CALCULATE QUATERNIONS; NORMALIZE, AND THEN #stessssen
meaecacens DETERMINE THE DIRECTION COSINES setsasaeen

PX2CEDURAL (L1,L2,L3,M1,M2,M3,N1,N2,N3=TAU@, TAU1, TAU2, TAU3)

"#es NORMALIZE QUATERNIONS ###"

TAUN = SQRT( (TAU@*TAU@) + (TAU1*TAU1) + (TAU2#¢TAU2) + (TAU3¢TAU3))
TAUPN = TAU@/TAUN
TAUIN = TAU1/TAUN
TAU2N = TAU2/TAUN
TAU3N = TAU3/TAUN

"ees CALCULATE THE DIRECTIONAL COSINES (L1 -> N3) #+#s"

L1 = (((TAU@N*TAU@N) + (TAULN*TAUIN) ) *2.@)-1.9
L2 = ((TAULN*TAU2N) + (TAU@N*TAU3N) ) *2.¢
L3 = ((TAULN*TAU3N) - (TAUZN¢TAU2N)) *2.¢
M1 = ((TAULN*TAU2N) - (TAUZN*TAU3N) ) *2.¢
M2 = (((TAUPN*TAU@N) + (TAUZN*TAU2N) ) *2.9) -1.¢
M3 = ((TAU2N*TAU3N) + (TAUBN¢ TAU1IN)) *2.¢
N1 = ((TAUIN*TAU3N) + (TAUBN*TAU2N)) *2.¢
N2 = ((TAU2N*TAU3N) - (TAU@N*TAUIN)) *2.¢
N3 = (((TAU@N*TAU@N) + (TAUIN*TAU3N) ) *2.¢) -1.9

END $"OF QUATERNION PROCEDURAL"

SN
DASASANAN
.":\.‘.-.'_-.':\
. ‘_\:_-.:_‘.‘_\
AN
AONGAS
". . _\_-.

. ¢I
’.n



ESEACRESESEL AP CR A C RIS MM C AR AM I A S Wi oy A A AEASL A A Ak ol S el Anbaul Sl Ve g S e S

LR

£SO

444 CALCULATE ATMOSPHERIC CONDITIONS ZOR CURRENT ALTITUDE #ss%

n‘ .]
LS

CALL ATMOS (-Z,RHO) s$"###4# ATMOSPHERICS SUBROUTINE MUST ####"
"R$44 BE SUPPLIED BY THE USER. ##u4"

S

X
a_r

‘;\‘;\"'.' 5
ANy YN .

PN
AU
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® ¢ n. ~.m e - v -~

N - e

"e+¢ CALCULATE LONGITUDINAL AND LATERAL AERODYNAMIC FORCES #¢#%
Mesdasses IN STABILITY AXES AND MOMENTS 1N BODY AXES sétesesasan
PROCEDURAL (XA,YA,ZA,LA,MA,NA=VT,ALPHAR,BETAR,P,Q,R,PHIR, THETAR, DALPHR)

"##44 THE AERO SUBROUTINE SUPPLIES THE AERODYNAMIC FORCES ####"
"#### IN STABILITY AXES. THIS MUST BE SUPPLIED BY USER. ####"

CALL AERO (XA,YA,LZA LA ,MA NA,VT,ALPHAR,BETAR,P,Q,R,
PHIR, THETAR, DALPHR)

END $"OF AERO PROCEDURAL"
PROCEDURAL (XP,YP.Z2P,LP,MP, NP=VT,ALPHAR, BETAR,P,Q,R,PHIR, THETAR)

"#444% THE PROP SUBROUTINE SUPPLIES THE PROPULSIVE FORCES ####"
"HaH IN BODY AXES. THIS MUST BE SUPPLIED BY USER. #444"

CALL PROP (XP,YP,ZP,LP,MP,NP,VT,ALPHAR, BETAR,P,Q,R,
PHIR, THETAR)

END $"OF PROP PROCEDURAL"

SA = SIN(ALPHAR)
CA = COS (ALPHAR)
SB = SIN(BETAR)
CB = COS (BETAR)

"#44 CALCULATE GRAVITY FORCE COMPONENTIS -> STABILITY AXES ###"

EGX = L3*MASS*G*CA + N3I*MASS*G*SA
FGY = M3*MASS*G
EGZ =-L3*MASS*G*SA + N3tMASS*C*CA

"#44 CALCULATE THE TOTAL FORCES (EXS,FYS,EZS) ¢#e"
Taae -> STABILITY AXES dee”

FXS
FYS
FZS

XA + XP*CA + ZP*SA + FGX
YA + YP + FQY
ZA - XP*SA + ZP*CA + EGZ

"##+ CALCULATE THE TOTAL MOMENTS (L,M,N) -> BODY AXES t#+"

(LAYCA) - (NA*SA) + LP
MA . M

L
M
N (LA*SA) + (NA*CA) + NP

"#e¢e CALCULATE THE TOTAL FORCES (EXW,.EYW FZW) #¢+¢"
vaes -> AIR-PATH AXES taen

FXW
FYW
FZW

FXS+¢CB + FYS*SB
-FXS¢sSB + FYS*CB
FZS
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"e4s CALCULATE FORCES IN BODY AXES #s#*®

FXB
EFYB
FZB

XA*CA - ZA*SA + XP
YA + YP
XA*SA + ZA®CA + ZP

ounn
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.I ‘l
.l ‘I"

AssA
I.' \:l ‘\
W2t

a
T
z

..
e,
ol
o
»

LS
L4855
LA

’l

"s+4 CALCULATE LINEAR ACCELERATIONS #*##"

AX
AY
AZ

FXB/ (MASS*G)
FYB/ (MASS*G)
EZB/ (MASS*G)

Vol
(s

W
A4y
Al
A
-:ﬁﬁﬁ

MR SN S

"4¢¢ CALCULATE NORMAL ACCELERATION #¢#"

.
AP

AN = -AZ

"+44 RESOLVE BODY AXIS ANGULAR RATES INTO STABILITY AXES *##"

P*CA + R*SA
-P*SA + R*CA

) PS
| RS

"asss4s CALCULATE LINEAR DERIVATIVES -> AIR PATH AXES ##asasn
"«4+ DECLARE DALPHR AS AN IMPLICIT VARIABLE ###"

| . DALPHR = IMPL (Q,@.@¢1,3@,EF, e
(Q*CB-PS*SB+FZW/MASS/VT) /CB, @ .2@@1)

, PROCEDURAL (=EF)
CALL IMP (EF)

END $"OF DALPHR PROCEDURAL"

DBETAR
DVT

FYW/MASS/VT-RS .
FXW/MASS o

"t44 CALCULATE ANGULAR ACCELERATIONS -> BODY AXES ##*&"

e

PDOT
QDOT
RDOT

A

(L*C1) +(N*C2) + (((P*C3) + (R*C4)) *Q)
(M*C5) + ( ((R*R) - (P*P)) *C6) + (R*P*C7)
(N*CB) + (L*C2) + (((P*C9) - (R*C3)) *Q)

i A . B &5 & SFEREL- e " a s

r

s,
e
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"asasssss DETERMINE QUATERNION RATES AND EULER ANGLES. ##tssees”

"e¢se¢ CALCULATE THE QUATERNION RATES ¢*##*"

TAU@DT=- ( ( (TAULIN*P) + (TAU2N*Q) + (TAU3N*R) ) *@.5)
TAUIDT= ((TAU@N*P) - (TAU3N*Q) « (TAU2N*R)) *@.5
TAU2DT= ((TAU3N*P) + (TAU@N*Q) - (TAUIN*R)) #3.5
TAU3DT=- (( (TAU2N*P) - (TAUIN*Q) - (TAUPN*R) ) *@.5)

TeTaT . TR STW W% W W ¥ O FIW & W

"eat CALCULATE THE NEW EULER ANGLES t4+¢"

PROCEDURAL (PSID, THETAD, PHID=L1,L2,L3,6M3,6N3)
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"te¢ CALCULATE HEADING (OR YAW) ANGLE (PSI) #44"
neas IN RANGE @ (NORTH) TO 36@ DEG. saen

PSIR = ATAN(L2/L1)
IF (PSIR.LT.@¥.¢¥) PSIR = PSIR+PI¢2
PSID = PSIR*RADTOD

"¢+ CALCULATE ANGLE OF PITCH (THETA) #++"
neee IN RANGE +/-9@ DEGREES eaan
THETAR= ATAN (-L3/SQRT ((L14L1)+(L2%L2)))
THETAD= THETAR*RADTOD
"e4s  CALCULATE BANK (OR ROLL) ANGLE (PHI) IN RANGE  ¢##"
“e¢4¢ +/-18¢ DEGREES,WHERE @ DEG. INDICATES WINGS LEVEL #¢+"

PHIR
PHID

ATAN (M3/N3)
PHIR*RADTOD

END 8"OF EULER PROCEDURAL"

Maedtdeatdboantdatttonst TRAJECTORY ##atdadeatasdstdntnatans?

Take RESOLVE FLIGHT PATH AXES VELOCITIES INTO BODY sean
"442 COMPONENTS FOR CALCULATION OF DISTANCES IN EARTH AXES ###"
UB = VT*CA*CB
VB = VT*SB
WB = VT*SA*CB
Naae CALCULATE EARTH AXES VELOCITIES FROM BODY AXES haan

"se¢s VELOCITIES USING DIRECTION COSINES AND WIND VELOCITIES ##s¢"

VNE = L1*%UB+M1*VB+N1*WB-VWN
VEE = L2*UB+M2*VB+N2*WB-VWE
VDE = L3#UB+M3*VB+N3*WB-VWD

PROCEDURAL (VGRKT, GAMMAD, CHID=VNE, VEE , VDE)
"se¢ CALCULATE THE VELOCITY OVER THE GROUND, ##s"
T VGR (IE. GROUND SPEED) sean

VGR
VGRKT

SQRT ( (VNE*VNE) + (VEE*VEE))
VGR *MPSTOK

"444 CALCULATE FLIGHT-PATH ANGLE, GAMMA IN RANGE +/-9@ DEG #¢#*"

GAMMAR
GAMMAD

THETAR - ALPHAR
GAMMAR *RADTOD

tn

"44s CALCULATE ANGLE OF CLIMB, LAMBDA IN RANGE +/-9@ DEG #*#*#"

LAMDAR
LAMDAD

ATAN (-VDE/VGR)
LAMDAR *RADTOD
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"eés CALCULATE ANGLE OF TRACK, CHI, ##¢+¢"
"e¢e TN RANGE @ (NORTH) TO 36@ DEG. #*#s"

CHIR
CHID

ATAN (VEE/VNE)
CHIR*RADTOD

(LA}

5 4
v
4 5
P

o4y
I

END $"OF TRAJECTORY PROCEDURAL"

Y
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4&‘ l'.
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"s4+ CALCULATE THE RANGE (NOTE: IN METRES) ###"

RANGE = SQRT((X*X)+(Y*Y))

“"adesdadanss INTEGRATION OF SYSTEM STATE EQUATIONS #ésasdssassen

ALPHAR = INTVC (DALPHR, ALPHR®)

BETAR = INTVC(DBETAR, BETAR®)

VT = INTVC (DVT,VT@)

P = INTVC (PDOT,P@) $"ROLL RATE"

Q = INTVC(QDOT, Q@) $"PITCH RATE"

R = INTVC (RDOT,R@) $"YAW RATE"

TAUG = INTVC (TAU@DT, TAUZ®) $"QUATERNION TERMS"

TAU1 = INTVC(TAU1DT, TAU1@)

TAU2 = INTVC(TAU2DT, TAU2@)

TAU3 = INTVC(TAU3DT, TAU3Q)

z = INTEG(VDE, Z@) $"2-POSITIONAL CO-ORDINATE"
X = INTEG(VEE.X@) $"X-POSITIONAL CO-ORDINATE"
Y = INTEG(VNE, Y@) $"Y-POSITIONAL CO-ORDINATE"

END $"COF DERIVATIVE"

VE = VT*SQRT (RHO/RHOQ) $"EQUIVALENT AIRSPEED (M/S)"
VEK = VE*MPSTOK $"EQUIVALENT AIRSPEED (KTS)"
ALPHAD = ALPHAR*RADTOD $"ANGLE OF ATTACK ‘DEG) "
ALT =-Z/FTTOM $"ALTITUDE (FT.)"

“sessessnasssess EXPRESS TERMINATION CONDITION ##sessnsanesnsnant
TERMT (TIME .GE . TSTOP)
END $"OF DYNAMIC"

"4e4 NOTE: THIS LISTING SHOULD BE USED IN CONJUNCTION WITH ##¢¢"
"#¢4 THE ADVANCED CONTINUOUS SIMULATION LANGUAGE (ACSL) USER ***"
"¢¢e¢ GUIDE/REFERENCE MANUAL. LA

END $"OF PROGRAM"
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SUBROUTINE QUATNS (PSIR, THETAR, PHIR, TAU@, TAU1, TAU2, TAU3)

"a44 CALCULATES NORMALIZED QUATERNIONS ##¢"

SPSI = SIN(PSIR*{@.S)
CPSI = COS(PSIR*@.5)
STHETA = SIN(THETAR*@.5)
CTHETA = COS (THETAR*@.5)
SPHI = SIN(PHIR*@.5)
CPHI = COS (PHIR*@.5)

"se+ CALCULATE THE QUATERNIONS FROM THE EULER ANGLE TERMS ###¢"

TAU@ = (CPHI*CTHETA*CPSI)+ (SPHI*STHETA*SPSI)
TAUl = (SPHI*CTHETA*CPSI) - (CPHI*STHETA*SPSI)
TAU2 = (CPHI*STHETA*CPSI)+ (SPHI*CTHETA*SPSI)
TAU3 = (CPHI*CTHETA*SPSI) - (SPRI*STHETA*CPSI)

"4¢e¢ NORMALIZE INITIAL QUATERNIONS ##¢"

TAUN = SQRT ( (TAU@*TAU@) + (TAUL4TAU1) + (TAU2#+TAU2)
1 + (TAU3¢TAU3))

TAU@ = TAU@/TAUN

TAUl = TAU1l/TAUN

TAU2 = TAU2/TAUN

TAU3 = TAU3/TAUN
RETURN
END

SUBROUTINE EVAL (XXXX,XXXRES,MAXR)

"es+ THIS SUBROUTINE IS CALLED FROM THE TRIMMING SUBROUTINE #*#"
nese TO GAIN ACCESS TO THE DERIVATIVE SECTION. sdan

DIMENSION XXXX(3) ,XXXRES (3)

"ees THE "$" CONTROL CHARACTER MAKES MAIN PROGRAM ###"

"eas VARIABLES AVAILABLE TO THIS SUBROUTINE.  ##¢"
INTEGER 1

1=1

THETAR = (XXXX (1))

ALPHAR = (XXXX(2))

ETARG = (XXXX(3))

CALL QUATNS (PSIR@, THETAR,PHIR@, TAUQ, TAUL1, TAUZ, TAU3)

CALL ZZDERV(I)

XXXRES (1) = (DVT)
XXXRES (2) = (DALPHR)
XXXRES (3) = (QDOT)

RETURN
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Rersss NOQTIFIES FAILURE OF IMPLICIT ITERATION ROUTINE sassetn

SUBROUTINE IMP (EF)

END

/)

FORMAT (//27HIMPLICIT PROCEDURAL FAILED

IF (EF .EQ. @.8) GOTO 89
WRITE (6,99)

99

N u Ja e Su I

AN A

RETURN

89
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SUBROUTINE CAFCDI (PHIN,HNM, VN, IXX,IYY,IZZ, IXZ,6 MASS)

IMPLICIT REAL({A-Z)
INCLUDE 'FTPAR.F'
INTEGER I,J

#4444 ROUTINE FOR THE INPUT OF CONFIGURATION AND t#tsss
Aatsdssdtsttsd® FILTGHT CONDITION DATA. sstttndsttasttnns

OPEN (UNIT=1,FILE='ETSUD2.IN',STATUS='OLD')
OPEN (UNIT=7,FILE='FTGRAF.VPP', STATUS='OLD"')

#4¢ READ IN CONFIGURATION AND FLIGHT CONDITION DATA *+4¢

#4##4 THE VARIABLES SHOWN PERTAIN TO THE EXAMPLE APPLICATION ####
#### DATA READ IN IS AVAILABLE AT SUBROUTINE LEVEL ONLY. #4484

READ (1, *) TTOT, TSAMP, NH, HN, DELH, NV, VN, DELV, NPHI , PHIN

READ (1, *) DELPHI , NPL, PL@, DELPL , NRPM, RPM, DELRPM, WEGHT, NXCG, XCGP
READ (1, *) DELXCG, ZCG, (PEEFF (1) ,I=1,7).XT

READ (1, *) ZT, XTH, ZTH, THSET, MAXEP, NBLAD, PDIA, WSET, TPSET, ETAG
READ (1, *) ACMASS, ACIXX,ACIYY,ACIZZ,ACIXZ,SW,CW, BW,ST,CT

READ (1, *)CETA, XP, ZP, CWP, BFW, BTAIL, CL@, CLAL , CD@, CDAL

READ (1, *) CM@., CMAL , EPS@, EPSAL, QTOQ. A@,Al, A2, A3, B@

READ (1, *) B1, B2, B3, CD@T, CDLT, CMT@, CMQW, CLP, CLXI , KWING

READ (1, *)KEUSE, NPSFI, NPSFR,MPSFI,MPSER, CDB, GTR, BL@, WIR , TAPERE
READ (1, *) XWC, ZWC, S@S, XQARTC

READ (7, *) (EPROP(I,1) ,EPROP(I.2),I=1,2@)

READ (7, *) ((TOP(I,J),J=1,33),1=1,2@)

READ(7,*) ((ETP(I1.J).J=1,6@), 1I=1,21)

READ (7, *) (CYPROP (I,1),CYPROP (I,2).CYPROP (I.3),CYPROP(I.4),I=1,29)
READ (7, *) ((DELEPS(1,J),J=1.1Q).1=1,8)

#4#44 DATA WHICH IS REQUIRED IN THE MAIN PROGRAM MUST ####
#4844 RENAMED BEFORE BEING PASSED AS ARGUMENTS. L2322

MASS=ACMASS
IXX=ACIXX
IYY=ACIYY
1Z7=AC1Z2Z
IXZ=ACIXZ
HNM=HN* . 3g48
CLOSE (UNIT=1)
CLOSE (UNIT=7)
RETURN

END
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SUBROUTINE PARINC (VECIN,CGPOS,PLS)
"44¢4 SUBROUTINE TO ALLOW RUNTIME PARAMETER MODIFICATIONS #¢s"

IMPLICIT REAL (A-Z)
DIMENSION VECIN (6)
INCLUDE 'ETPAR.E'

#44#4 THE VARIABLES SHOWN PERTAIN TO THE EX{AMPLE APPLICATION. ####4
##44# THEY DEMONSTRATE THE METHOD OF PARAMETER INCREMENTING. ###4

ALT@= VECIN(1)
RPM =RPM +VECIN (2)
XCGP=XCGP+VECIN (3)
PL@ =PL@ +VECIN (4)
PARS=PARS+VECIN (5)
PAR6=PARG6+VECIN (6)

XCG=XCGP*CW/1@@ . +XQARTC-CW/4 .

#4#44 DATA WHICH IS REQUIRED IN THE MAIN PROGRAM MUST ####
#444 RENAMED BEFORE BEING PASSED AS ARGUMENTS. £.2 2207

CGPOS=XCGP
PLS=PL@

RETURN

END

SUBROUTINE TRAP (VI@,PHIR@.G, GAMMAR,P@,Q@, R@, BETARP
1 ,ALPHR@, THETR@, ETARQ)

#éatstss GIVES INITIAL APPROXIMATION FOR TRIM CONDITION sédsasads

##44 THE APPROXIMATION SHOWN PERTAINS TO THE ##44
#4#4## EXAMPLE APPLICATION. THE APPROXIMATION TO ###4#
#4#44%# BE USED IS AT THE USERS DISCRETION. .22 27

IMPLICIT REAL (A-2Z)
INCLUDE 'FTPAR.F'

PI = 3.141593
ETA@@= 2.2

KK =41.@* (XCCP/19@.-@.4)
QD =(.S5%*1.2256*VI@*VTg)

Pg =9.
Q@ =G/VT@*TAN (PHIRP) *SIN (PHIRQ)
R@ =G/VT@*SIN (PHIR®)

AN = 1/COS(PHIR@)

BETARG = .

ALPHAW = ACMASS*G/ (CLAL*QD*SW)
ALPHR@ = ALPHAW - WSET

CLWB = CL@ + (CLAL*ALPHAW)
COWB = CD@ + (CDAL4CLWB**2)
DRAG = CDWB * QD * SW

GAMMAR = ASIN (-DRAG/ (ACMASS*C))

THETR@ GAMMAR + ALPHR@
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ETAg = (ETA@@+KKSCLWB)+PI/180.
ETARg = ETAQ

RETURN

END

SUBROUTINE ATMOS (H,RO)
IMPLICIT REAL (A-2)
COMMON/ARGS2/HITE, DENS

#4442 THIS ROUTINE GIVES THE DENSITY AT A ##4#¢
#4424 GIVEN ALTITUDE FOR ISA CONDITIONS. st

##44 MORE COMPLICATED ATMOSPHERE ROUTINES MAY BE USED. #4484
#4#4#44 THE SUBROUTINE TO BE USED IS AT THE USERS DISCRETION. ###4

HITE=H
DENS=1.2256% (1-@.@2256*HITE/100@.2) **4.2561
RO =DENS

RETURN

END

SUBROUTINE AERO (XA,YA,ZA,LA ,MA NA, VT, ALPHAR, BETAR

1 .PP,QQ,.RR,PHIR, THETAR)

d#4ssaese CALCULATES TOTAL AERODYNAMIC FORCES AND MOMENTS tttaesane

IMPLICIT REAL (A-2)
INCLUDE 'FTPAR.F'
DIMENSION X (29)

###4 THE VECTOR X IS USED TO PASS STATE VARIABLES TO #4448
##44 ANY SUBROUTINES CALLED FROM AERO. SEE THE EXAMPLE ####

#u4 APPLICATION EOR DETAILS OF ITS USE. e
X(V) = VT

X (ALPHA) = ALPHAR

X(Q) = QQ

X(P) = PP

X(H) = HITE

X(PHI) = PHIR
X(THETA) = THETAR

CALL ATMOS (HITE.RHO)
QD=.5*RHO*VT**2

t#etaesss DETERMINE INDIVIDUAL AERODYNAMIC CONTRIBUTIONS. ttetetdt

#48# ANY SUBROUTINE CALLS OR OTHER CALCULATIONS ####4
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##44 TO DETERMINE INDIVIDUAL AERODYNAMIC FORCE ####
#### CONTRIBUTIONS SHOULD BE ENTERED HERE. ##a%
#4444 SEE APPLICATION FOR EXAMPLES. £ 2 220

tetesss  CALCULATE TOTAL AERODYNAMIC FORCES AND MOMENTS. té#ésstss
##44 TOTAL FORCES AND MOMENTS SHOULD BE DETERMINED ###4

#4444 HERE BY ADDITION OF INDIVIDUAL CONTRIBUTIONS. ####
#4444 SEE APPLICATION FOR EXAMPLES. #4448

RETURN
END

SUBROUTINE PROP (XP,YP,ZP,LP,MP,NP,VT,ALPHAR, BETAR,
1 PP.QQ.RR,PHIR, THETAR)

4ss44084 CALCULATES TOTAL PROPULSIVE FORCES AND MOMENTS #+tssanes
IMPLICIT REAL (A-2)

INCLUDE 'ETPAR.FE'
DIMENSION X (2¢)

##4#% THE VECTOR X IS USED TO PASS STATE VARIABLES TO #4843
##4## ANY SUBROUTINES CALLED FROM PROP. SEE THE EXAMPLE ####

#4448 APPLICATION FOR DETAILS OF ITS USE. 444
X(V) = VT

X (ALPHA) = ALPHAR

X(Q) = QQ

X(P) = PP

X(H) = HITE

X(PHI) = PHIR
X(THETA) = THETAR

CALL ATMOS (HITE,RHO)

QD=.S5*RHO*VT#*+2

s4s444ee DETERMINE INDIVIDUAL PROPULSIVE CONTRIBUTIONS. sessesses
#4#4#% ANY SUBROUTINE CALLS OR OTHER CALCULATIONS ####

#4## TO DETERMINE PROPULSIVE FORCES SHOULD BE  ####

###4 ENTERED HERE. #4448

###% SEE APPLICATION FOR EXAMPLES. #EH8

#4s444¢  CALCULATE TOTAL PROPULSIVE FORCES AND MOMENTS. #+sssese
###4 TOTAL FORCES AND MOMENTS SHOULD BE DETERMINED ####

##44 HERE BY ADDITION OF INDIVIDUAL CONTRIBUTIONS. ####

##4## SEE APPLICATION FOR EXAMPLES. T
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APPENDIX 2. POWER EFFECTS PROGRAM LISTING e,
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SDOFAP .ACSL

PROGRAM SDOFAP (FLIGHT SIMULATION MODEL)

LEXE R XA R Y P R R R R R P R R R L R R R R ], )

"

" PROGRAM NAME : Six Degrees of Freedom in Air Path axes.
WRITTEN BY : P.W. GIBBENS (EO1, ABS-FW, ARL)
COMPLETED : 8 MAY 1985

MODIFIED BY R.H. PERRIN (EO1, ABS-RW, ARL) TO ALLOW FOR
A VERY SMALL OR ZERO CLIMB ANGLE - OCTOBER 1985

DESCRIPTION : THIS PROGRAM PRESENTS A SET OF FLIGHT DYNAMIC
EQUATIONS (SIX DEGREES OF FREEDOM), IN AIR-PATH AXES, FOR
AIRCRAFT SIMULATION USING ADVANCED CONTINUOUS SIMULATION
LANGUAGE (ACSL) ON THE ARL ELXSI 64¢3 COMPUTER.
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INTEGER  ITLIM,MAXRES
LOGICAL  BEGIN
ARRAY VECIN (29) , XH(3)
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"4se40ess44 DREPARE ALL DATA AND RUNTIME PARAMETERS ##ttstacanh

"4#¢ READ IN CONFIGURATION AND FLICHT CONDITION DATA ##:"

R

L R

PROCEDURAL (PHID@,ALT@,VE@K, IXX,IYY, K IZZ,6 IXZ, 6 MASS=)

[N .

CALL CAFCDI (PHID@, ALT@,VE@K,IXX,IYY,12Z,6 IXZ, 6 MASS) }:};:;:

W
END $"OF CAFCDI PROCEDURAL" .
\
¥

“#4¢ DEFINE ALL PRESET VARIABLES ###"

"ee+¢ DEFINE RUNTIME PARAMETERS #***" ::n:\
RS
S

CONSTANT  TSTP=5. ,PLS=@. ,CGP0S=25.1 NGNS

CONSTANT  HIl=g.  , HI2=@.  HI3=@. AR

N e
4.
S
»;gli’(
[4

CONSTANT LOl=g. ,LO2=@. ,LO3=Q. ~%
“e¢s POWIT TRIMMING ROUTINE ITERATION PARAMETERS ¢#¢" o

CONSTANT  MAXRES =3 ,ITLIM =10@ o .
.ERRMAX =0.@@g00g1 =
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"a44 ATMOSPHERIC STANDARDS AND CONVERSION FACTORS #e¢"

CONSTANT RHOP = 1.2256

"4#44 GENERAL CONVERSION FACTORS, CONSTANTS AND VARIABLES ##¢#"

CONSTANT DEGTOR= @.@17453 , RADTOD
,KTOMPS= @.514773 , MPSTOK
,MTONM = 3.9@@538 , NMTOM =
LETTOM = @.3@48¢@ , G
., PI = 3.141593

"...WHERE DEGTOR= DEGREES TO RADIANS
RADTOD= RADIANS TO DEGREES

57.29578
1.9426@2
1858.5
9.8@7

KTOMPS= KNOTS TO METRES PER SECOND
MPSTOK= METRES PER SECOND TO KNOTS
MTONM = METRES TO NAUTICAL MILES

NMTOM
ETTOM

FEET TO METRES "

NAUTICAL MILES TO METRES

"4#2¢ TINITIAL CONDITIONS (ELIGHT DATA) ##a"

CONSTANT DPSID@ =@.% ,DPHID@ =@.9
.,  VWN =0.¢ . VWE =p.¢
., DVEgK =@.@ ., DXg =g.¢
, PSID@ =g.¢ , X@ =0.9

“a4s ALLOW PARAMETER INCREMENTING #*¢"

CONSTANT DEL1 =@.9 , DRPM =¢.¢
,DPL =¢.¢ . DELS =@.8

"e44 SET CONTROL INPUT PARAMETERS #*##"

CONSTANT ESTART=¢.@1, TSTART=@.@1 $"** PULSE START TIME

,DALT@

., DY@
. Yp

, DXCGP=@.p
., DEL6 =@.@

CONSTANT EPULSE=5.¢ ,TPULSE=12@. $"** PULSE DURATION
CONSTANT EREPET=2@@., TREPET=2@@. $"** REPETITION TIME
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i CONSTANT ETAMAX=5.@ ,THRMAX=1.@ $"** PULSE AMPLITUDE #+¢"

o PULMAX =ETAMAX*DEGTOR §"#+4 CONVERT TO RADIANS ###"

- ms¢+¢ ADD RUNTIME INCREMENTS TO FLIGHT DATA #4+"

\‘

N PSID@ =PSID@ +DPSID@

b PHID@ =PHID@ +DPHIDg@

- ALT@ =(ALT@ +DALT@) *FTTOM

o VE@K =VE@K +DVE@K

» X@ =X@ +DX@

- Y§ =Yg <DYp

a GAMMAR=GAMMAR + DGAMMR

.

. "s4+ DEFINE INITIAL Z COORDINATE. *+4+"

.

5 2g =-ALT@
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"s44 ADD RUNTIME INCREMENTS TO PARAMETERS #¢4"

VECIN (1) =ALT@
VECIN (2) =DRPM
VECIN (3) =DXCGP
VECIN (4) =DPL
VECIN (5) =DELS
VECIN (6) =DEL6

CALL PARINC (VECIN,CGPOS,PLS)
"sss CONVERT FROM EAS TO TAS ###"

PROCEDURAL (RHO=ALT@)

LT " T Y S S S TR v S S

CALL ATMOS (ALT@,RHO)
END  $" OF ATMOS PROCEDURAL"
VT@K=VE@K*SQRT (RHO@/RHO)

VEg@
VTP

VEZK*KTOMPS
VT@K*KTOMPS

Naassatrtsrat SPECIFY SYSTEM EXCITATION PARAMETERS #sttssndasan

"#4¢ SPECIFY TERMINATION CONDITION ##+"

CONSTANT TSTOP =@.¢

"4#+ SPECIFY INDEPENDENT VARIABLE AS A PRECAUTION ##+"

VARIABLE TIME = ¢.¢
CINTERVAL CINT = .9
NSTEPS NSTP = ¢

44+ SET INITIAL APPROXIMATION FOR INITIAL CONDITIONS ##¢"

PSIR@
PHIR@

PSID@*DEGTOR
PHID@*DEGTOR

W

PROCEDURAL (P@.Q@.R@, BETAR@, ALPHR@, THETR@, ETAR@
, GAMMAR=VT@, PHIR@, G)

CALL TRAP (VT@,PHIRg,G,GAMMAR,P@, Q@ R@, BETAR®
, ALPHR@, THETR@ , ETAR®)

END $" OF TRAP PROCEDURAL "

RAIL " o IE SR A A AT NUSNES DA PEICINES ) R TR TR o I BN

"#es CALCULATE INERTIAL CONSTANTS *+*+"

Ny C@ = ((IXX*1Z2Z)-(1XZ*1XZ))
M c1 = 12z2/C@
& c2 = 1Xz/CQ
It C3 = C2*(IXX-IYY+IZZ)
; Ca = ((IYY-1ZZ)*Cl)-(IXZ*C2)
3 cs = 1.9/1YY
. C6 = C5*IXZ
A €7 = C5*(122-1XX)
= c8 = IXX/CQ
€9 = ((IXX-1YY)*C8)+(IXZ*C2)
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Mestashsttsdascsds INITIALIZE QUATERNIONS sttsadsaeadsannetnian

THETD@= THETR@*RADTOD

CONTINUE

"«4NOTE: -THE EULER ANGLE (S) ARE HALVED WHEN CALCULATING...

THE QUATERNIONS"

CALL QUATNS (PSIR@, THETR@, PHIR@, TAUP@, TAU1@, TAU2Q, TAU3@)

END $"OF INITIAL"

Naastdbahhdahiddbdadisd DYNAMIC SECTION AhbdARAAAS b ARRERASARAN

DYNAMIC

"«+4 THE TRANSITION EROM INITIAL TO DYNAMIC TRANSFERS
"as#4 ALL INITIAL CONDITIONS TO THE STATE VARIABLES AND

"ss4 EVALUATES THE CODE IN THE DERIVATIVE SECTION ONCE.

IE (BEGIN) GO TO 20

"sas TRIM AIRCRAET USING SUBROUTINE POWIT ###"
XH(1) =THETR®
XH(2) =ALPHR@
XH(3) =ETAR@
PROCEDURAL (XH=XH, MAXRES , ITLIM, ERRMAX)
CALL POWIT (XH,MAXRES, ERRMAX, ITLIM)
THETR@ =XH (1)

ALPHR@ =XH (2)
ETARg =XH(3)

[ XX A
aaa
hha"

END $ "OF POWIT PROCEDURAL"

BEGIN=.TRUE.

GO TO 1¢
2¢ CONTINUE

"aaseheeurhanntaarrsde DERIVATIVE SECTION dthteceatasatdsasdtnsr
DERIVATIVE

“esseeesn0essesasns CALCULATE CONTROL INPUTS *4tsétsssseassennsn

PROCEDURAL (ETAR, PLS= S
ETARP.DELPL, ESTART,L EREPET, EPULSE, TSTART, TREPET, TPULSE)
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DELETA=PULMAX*PULSE (ESTART, EREPET, EPULSE)
DELPL =THRMAX*PULSE (TSTART, TREPET, TPULSE)
ETAR=ETAR@+DELETA
CALL CONTROLS (ETAR, DELPL, PLS)
ETAD=ETAR*RADTOD
END $ "OF CONTROLS PROCEDURAL"
"tasasasds CALCULATE QUATERNIONS; NORMALIZE, AND THEN ##sassstdn
Tadhbanade DETERMINE THE DIRECTION CCSINES sehatessnd
PROCEDURAL (L1,L2,L3,M1,M2 ,M3,N1,6N2,6 N3=TAU@, TAU1, TAU2, TAU3)

"et+ NORMALIZE QUATERNIONS ##s"

TAUN = SQRT ( (TAU@*TAU@) + (TAUL*TAUL) + (TAU24 TAU2) + (TAU3*TAU3) )
TAUZN = TAU@/TAUN
TAUIN = TAU1/TAUN
TAU2N = TAU2/TAUN
TAU3N = TAU3/TAUN

"444 CALCULATE THE DIRECTIONAL COSINES (L1 -> N3) ##s%

L1 = (((TAUPN*TAU@N)+ (TAUIN*TAU1IN))*2.@)-1.¢
L2 = ((TAUIN*TAU2N)+(TAU@N*TAU3N))+*2.@
L3 = ((TAUIN*TAU3N) - (TAUZN*TAU2N))*2.9
M1 = ((TAULN*TAU2N) - (TAU@N*TAU3N)) *2.¢
M2 = (((TAU@N*TAU@N)+ (TAU2N*TAU2ZN))*2.@)-1.¢
M3 = ((TAUZN*TAU3N)+ (TAU@N*TAUIN))*2.¢
N1 = ((TAULN*TAU3N) + (TAUZN*TAU2N))+2.¢
N2 = ((TAU2N*TAU3N)- (TAUGN4TAULN))+*2.¢
N3 = (((TAU@N*TAU@N) + (TAU3N*TAU3N))*2.9)-1.¢

END $"OF QUATERNION PROCEDURAL"

"4¢e CALCULATE ATMOSPHERIC CONDITIONS FOR CURRENT ALTITUDE ##*"

CALL ATMOS (-Z,RHO)

"e4¢ CALCULATE LONGITUDINAL AND LATERAL AERODYNAMIC FORCES ##*"
Tane IN STABILITY AXES AND MOMENTS IN BODY AXES saet

PROCEDURAL (XA,YA,LZA,LA ,MA NA=VT ALPHAR,BETAR,P,Q.R,PHIR, THETAR, DALPHR)

]

SRR

CALL AERO (XA,YA,ZA , LA MA NA VT ALPHAR,BETAR,P.Q.R, ... ;\:w;\}\:

PHIR, THETAR, DALPHR) NN

BAASERAN

DA S

END $"OF AERO PROCEDURAL" YA Y
'.#.\-_\ .‘ -\ !

PROCEDURAL (XP,YP,ZP,LP ,MP,NP=VT,ALPHAR,BETAR,P,Q R,PHIR,K THETAR)

CALL PROP (XP,YP,ZP,LP,MP,NP,VT,LALPHAR,BETAR,P,Q.R,
PHIR, THETAR)

END $"OF PROP PROCEDURAL"
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L A

SA = SIN(ALPHAR)
CA = COS (ALPHAR)
SB = SIN(BETAR)
CB = COS (BETAR)

"e4s CALCULATE GRAVITY FORCE COMPONENTS -> STABILITY AXES ###"

FGX = L3*MASS*G*CA + N3*MASS*G*SA
EGY = M3tMASS*G
FGZ =-L3*MASS*G*SA + N3*MASS*G*CA

"4¢¢ CALCULATE THE TOTAL FORCES (EXS,FYS.FZS) ###"
Hees -> STABILITY AXES TIL

XA + XP*CA + ZP*SA + FGX
YA + YP + FGY
ZA - XP*SA + ZP*CA + EGZ

EXS
FYS
EZS

“#¢s CALCULATE THE TOTAL MOMENTS (L,M,N) -> BODY AXES ###"

(LA*CA) - (NA%SA) + LP
MA + MP
(LA*SA) + (NA*CA) + NP

zZXt
nun

"e4¢ CALCULATE THE TOTAL FORCES (FXW,.EYW,EZW) ##e"

Nass -> AIR-PATH AXES YIA
EXW = FXS*CB + FYS*SB
FYW =-EXStSB + FYS*CB
FZW = FZS

"44t CALCULATE FORCES IN BODY AXES #¢#"

EXB = XA*CA - ZA*SA + XP
EYB = YA + YP
FZB = XA*SA + ZA*CA + 2P

"4et CALCULATE LINEAR ACCELERATIONS ###"

AX = FXB/(MASS*G)
AY = FYB/(MASS*G)
AZ = FZB/(MASS*G)

"4e¢e¢ CALCULATE NORMAL ACCELERATION #e#"

AN = -AZ

"#44+ RESOLVE BODY AXIS ANGULAR RATES INTO STABILITY AXES ¢#s"

P3
RS

P¢*CA + R*SA
-P*SA « R*CA

[

"#ese0e CALCULATE LINEAR DERIVATIVES -> AIR PATH AXES #*ttssen
"#4¢ DECLARE CALPHR AS AN IMPLICIT VARIABLE ¢+*"

DALPHR = IMPL (Q.@ @91, 3@ EF,
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(Q*CB-PS*SB+FZW/MASS/VT) /CB. @ .¢@P1)

PROCEDURAL (=EF)
CALL IMP (EF)
END $"OF DALPHR PROCEDURAL"

DBETAR
DVT

FYW/MASS/VT-RS
FXW/MASS

“4e¢s CALCULATE ANGULAR ACCELERATIONS -> BODY AXES #*#++"

PDOT = (L*C1)+(N*C2)+ (((P*C3)+ (R*C4)) *Q)
QDOT = (M*CS5)+(((R*R) - (P*P)) 4C6) + (R4P*C7)
RDOT = (N*CB)+ (L*C2)+ (((P*C9) - (R*C3)) *Q)

"s4stsses DETERMINE QUATERNION RATES AND EULER ANGLES. #tttsdsan

"«¢4 CALCULATE THE QUATERNION RATES ##+"

TAU@DT=- ( ( (TAULN*P) + (TAUZN*Q) + (TAU3N*R) ) *@.5)
TAUIDT= ( (TAU@N*P) - (TAU3N#Q) + (TAUZN*R) ) *@.5
TAUZDT= ( (TAU3N*P)+ (TAU@N*Q) - (TAUIN#R) ) *@.5
TAU3DT=- ( ( (TAUZN*P) - (TAULN#Q) - (TAU@N#R) ) *@.5)

"#44 CALCULATE THE NEW EULEK .UiGLES ##*#"
PROCEDURAL (PSID, THETAD, PHID=L1,L2,L3,M3,N3)
"#¢¢ CALCULATE HEADING (OR YAW) ANGLE (PSI) ##a"
Tate IN RANGE @ (NORTH) TO 36¢ DEG. et
PSIR = ATAN(L2/L1)

IF (PSIR.LT.@.@) PSIR = PSIR+PI*2
PSID = PSIR*RADTOD

"sss+ CALCULATE ANGLE OF PITCH (THETA) ##+"

Paae IN RANGE +/-9¢ DEGREES saan
THETAR= ATAN (-L3/SQRT ( (L1*L1)+(L2*L2)))
THETAD= THETAR*RADTOD

Neee CALCULATE BANK (OR ROLL) ANGLE (PHI) IN RANGE taa?
"#¢¢ o+/-180Q DEGREES,WHERE @ DEG. INDICATES WINGS LEVEL #*#¢#"

PHIR = ATAN (M3/N3)
PHID = PHIRtRADTOD
ﬂ{ END $"OF EULER PROCEDURAL"
:::' L YRR R R EEEEEEEERSEEEEERXEX]) TRAJECTORY X X R E R R R R EREEREEEEEEEXER
N
'. nate RESOLVE FLIGCHT PATH AXES VELOCITIES INTO BODY LR A
b . "ees COMPONENTS FOR CALCULATION OF DISTANCES IN EARTH AXES tes"




.t

UB = VTtCA*CB
VB = VT*SB
WB = VT*SA*CB
Heee CALCULATE EARTH AXES VELOCITIES FROM BODY AXES saan

"¢¢¢ VELOCITIES USING DIRECTION COSINES AND WIND VELOCITIES ##+"

VNE = L1*UB+M1*VB+N1*WB-VWN
VEE = L2%UB+M24VB+N2*WB-VWE
VDE = L3*UB+M3*VB+N3*WB-VWD

PROCEDURAL (VGRKT, GAMMAD, CHID=VNE, VEE, VDE)
"#4+ CALCULATE THE VELOCITY OVER THE GROUND, #*#+*
e VGR (IE. GROUND SPEED) than

VGR
VGRKT

SQRT ( (VNE+VNE) + (VEE4VEE) )
VGR *MPSTOK

"4#4+¢ CALCULATE FLIGHT-PATH ANGLE, GAMMA IN RANGE +/-9@ DEG ###"

GAMMAR = THETAR-ALPHAR AR
GAMMAD = GAMMAR *RADTOD e
N
-:‘- A
"s#4¢ CALCULATE ANGLE OF CLIMB, LAMBDA IN RANGE +/-9@ DEG ##+" - -
LAMDAR = ATAN (-VDE/VGR) i
LAMDAD = LAMDAR*RADTOD Do
it
A
"t4¢s CALCULATE ANGLE OF TRACK, CHI, ##¢#" O
mess IN RANGE @ (NORTH) TO 36@ DEG. #s+" o
R
CHIR = ATAN (VEE/VNE) R 5\
CHID = CHIR*RADTOD NSNS
AT
END $"OF TRAJECTORY PROCEDURAL" -:,::.s;xj
',_“_.-?‘-7_
=
"s4s CALCULATE THE RANGE (NOTE: IN METRES) ##4" o
RANGE = SQRT((X*X)+(Y*Y))
"esss4utesss INTEGRATION OF SYSTEM STATE EQUATIONS #tsadteansen
ALPHAR = INTVC (DALPHR, ALPHRg®)
BETAR = INTVC (DBETAR, BETAR®)
VT = INTVC (DVT, VT@)
P = INTVC (PDOT, P@) $"ROLL RATE"
Q = INTVC (QDOT. Q%) $"PITCH RATE"
R = INTVC (RDOT, R@) $"YAW RATE"
TAU@ = INTVC (TAU@DT. TAU@Q) $"QUATERNION TERMS"
TAUL = INTVC(TAULDT, TAU1Q)
TAU2 = INTVC(TAU2DT, TAU29)
TAU3 = INTVC(TAU3DT, TAU3@®)
z = INTEG (VDE, @) $"Z-POSITIONAL CO-ORDINATE"
X = INTEG(VEE, X@) $"X-POSITIONAL CO-ORDINATE"
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- Y = INTEG (VNE, Y9) $"Y-POSITIONAL CO-ORDINATE"
¢,
END 8"OF DERIVATIVE" i
. ,'-}\.”'\.}_\
" L SASE
- VE = VT*SQRT (RHO/RHO@) $"EQUIVALENT AIRSPEED (M/S)" ;\;s{:;\
- VEK = VE*MPSTOK $"EQUIVALENT AIRSPEED (KTS)" NN
2, ALPHAD = ALPHAR*RADTOD §"ANGLE OF ATTACK (DEG) " PR
o ALT =-Z/ETTOM $"ALTITUDE (ET.)" S
Wl L
) 2
‘ Neaddeantsnttdtes EXPRESS TERMINATION CONDITION sttttsatsanasdsan :'J._':Q:::
: DULYLSE
N TERMT (TIME .GE . TSTOP) R
s e
[ ALY
~ END $"OF DYNAMIC"
N “eas NOTE: THIS LISTING SHOULD BE USED IN CONJUNCTION WITH ###"
» "s4¢ THE ADVANCED CONTINUOUS SIMULATION LANGUAGE (ACSL) USER ##¢*
) "ess GUIDE/REFERENCE MANUAL. sean
N
> END $"OF PROGRAM"
-, SUBROUTINE QUATNS (PSIR, THETAR, PHIR, TAU@, TAUL, TAU2, TAU3)
- ' C "ss4 CALCULATES NORMALIZED QUATERNIONS #¢s4¢" e
[ SPSI = SIN(PSIR*@.5) ORI
’ CPSI = COS (PSIR*g.5) IR,
<) STHETA = SIN(THETAR*@.5) PRSI
d CTHETA = COS(THETAR*®.S5) RO
SPHI = SIN(PHIR*@.5) .9 4
. CPHI = COS(PHIR*@.5) ffii:f5ﬁ
. CRON ’_%
’ o "s44 CALCULATE THE QUATERNIONS FROM THE EULER ANGLE TERMS ##¢#" e
7 )
A’ TAU@ = (CPHI*CTHETA*CPSI)+ (SPHI*STHETA*SPSI)
TAU1l = (SPHI*CTHETA*CPSI) - (CPHI*STHETA*SPSI)
N TAU2 = (CPHI*STHETA*CPSI)+ (SPHI*CTHETA*SPSI)
b, TAU3 = (CPHI*CTHETA*SPSI) - (SPHI*STHETA*CPSI)
-]
5
N C meee NORMALIZE INITIAL QUATERNIONS ##¢"
: TAUN = SQRT ( (TAU@*TAU@) + (TAU14TAU1) + (TAU2*TAU2)
0 + (TAU3*TAU3))
X TAU@ = TAU@/TAUN
; TAU1l = TAU1l/TAUN
& TAU2 = TAU2/TAUN
' TAU3 = TAU3/TAUN
o . -
; RETURN RGN
N SRR
» END AN
N AN
o TN
: L) - . -
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SUBROUTINE EVAL (XXXX,XXXRES,MAXR)

"ese THIS SUBROUTINE IS CALLED FROM THE TRIMMING SUBROUTINE #¢¢"
neea TO GAIN ACCESS TO THE DERIVATIVE SECTION, teen
DIMENSION XXXX (3),XXXRES (3)

"es¢ THE "$" CONTROL CHARACTER MAKES MAIN PROGRAM ##:"
nees VARIABLES AVAILABLE TO THIS SUBROUTINE. tae®

INTEGER I
I=1

THETAR = (XXXX(1))
ALPHAR = (XXXX(2))
ETARg = (XXXX(3))

CALL QUATNS (PSIR@, THETAR, PHIR@, TAU@, TAU1, TAUZ, TAU3)

CALL ZZDERV(I)

XXXRES (1) = (DVT)
XXXRES (2) = (DALPHR)
XXXRES (3) = (QDOT)
RETURN

END

SUBROUTINE IMP (EE)

"#ee4¢ NOTIFIES FAILURE OF IMPLICIT ITERATION ROUTINE ##tes"

IF (EF .EQ. @.g§) GOTO 89
WRITE (6,99)
FORMAT (//27HIMPLICIT PROCEDURAL FAILED //)

RETURN
END
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SUBROUTINE CAECDI (PHIN,HNM, VN, IXX, IYY,b I12Z, IXZ,6MASS)

IMPLICIT REAL (A-2)
INCLUDE 'ETPAR.F'
INTEGER 1,J

ROUTINE FOR THE INPUT OF CONEIGURATION AND
FLIGHT CONDITION DATA.

OPEN (UNIT=1,FILE='FTSUD2.IN',STATUS='OLD"')
OPEN (UNIT=7,FILE='ETGRAF.VPP',6 STATUS='OLD')

#4& READ IN CONFIGURATION AND FLIGHT CONDITION DATA ##¢

READ (1, *) TTOT, TSAMP, NH, HN, DELH, NV, VN, DELV, NPHI, PHIN

READ (1, *) DELPHI, NPL, PL@®, DELPL, NRPM, RPM, DELRPM, WEGHT, NXCG, XCGP
READ (1, *) DELXCG, ZCG, (PEEF (I),I=1.7),XT

READ (1, *) ZT, XTH, ZTH, THSET, MAXEP, NBLAD, PDIA, WSET, TPSET, ETAG
READ (1, #) ACMASS, ACIXX,ACIYY,ACIZZ,ACIXZ, SW,CW, BW, ST, CT

READ (1, *)CETA, XP, ZP, CWP, BEW, BTAIL, CL@, CLAL, CD@, CDAL

READ (1, *) CM@, CMAL, EPS@, EPSAL, QTOQ, A@,Al,A2,A3, B

READ(1, *) B1, B2, B3,CD@T, CDLT, CMT@, CMQW, CLP, CLXI , KWING

READ (1, *) KFUSE, NPSEI, NPSER,MPSE I, MPSER, CDB, GTR, BL@, WIR , TAPERE
READ (1, *) XWC, ZWC, S@S, XQARTC

READ(7, ) (FPROP (I,1) ,FPROP (I, 2),I=1,2¢)
READ(7. *) ((TOP(I.,J),J=1,33),1=1,20)
READ (7, *) ((ETP(I.J).J=1,6¢),1=1,21)

READ (7, *) (CYPROP (I.1),CYPROP(I,2),CYPROP (I,3),CYPROP(I,4),I=1,2¢)

READ (7, *) ( (DELEPS(I,J),J=1,1@),1I=1,8)

MASS=ACMASS
IXX=ACI
IYY=ACIYY
12Z=ACIZZ
IXZ=ACIXZ
HNM=HN

CLOSE (UNIT=1)
CLOSE (UNIT=7)
RETURN

END

SUBROUTINE PARINC (VECIN,CGPOS,PLS)
" SUBROUTINE TO ALLOW RUNTIME PARAMETER MODIFICATIONS "
IMPLICIT REAL (A-2)

DIMENSION VECIN (6)
INCLUDE 'FTPAR.F'
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ALT@= VECIN (1)
RPM = RPM+VECIN (2)
XCGP=XCGP+VECIN (3)
PL@ =PL@ +VECIN(4)
PARS5=PARS +VECIN (5)
PAR6=PARG6 +VECIN (6)

XCG=XCGP*CW/1@@ . +XQARTC-CW/4 .
CCPOS=XCGP
PLS=PL@

RETURN

END

SUBROUTINE TRAP (VI@,PHIR@,G,GAMMAR,P@®,Q@,R@, BETARP
1 ,ALPHR@, THETR@, ETAR@)

" GIVES INITIAL APPROXIMATION FOR TRIM CONDITION "

IMPLICIT REAL (A-2)
INCLUDE 'FTPAR.E'

PI = 3.141593

ETA@@= 2.2

KK =41.@* (XCGP/19@.-@.4)
QD =(.5%1.2256*VI@*VTQ)

PP =p.
Q@ =G/VT@*TAN (PHIR@) *SIN (PHIR®)
R@ =G/VT@*SIN (PHIR@)

AN = 1/COS (PHIR®)

BETAR® = .

ALPHAW = ACMASS*G/ (CLAL*QD*SW)
ALPHR@ = ALPHAW - WSET

CLWB = CL@ + (CLAL*ALPHAW) + CLF
CDWB = CD@ + (CDAL*CLWB*#*2) + CDF
DRAG = CDWB * QD * SW

CAMMAR = ASIN (-DRAG/ (ACMASS*G))
THETRZ = GAMMAR + ALPHR@

ETAp = (ETAP@+KK*CLWB) *PI/18¢.
ETARg = ETAQ

RETURN

END

SUBROUTINE ATMOS (H,RO)

IMPLICIT REAL (A-2)
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COMMON /ARGS2/HITE , DENS

HITE=H

DENS=1.2256* (1-@.P2256*HITE/190@ .@) **4.2561

RO =DENS

RETURN

END

SUBROUTINE AERO (XA,YA,ZA,LA,MA,NA, VT, ALPHAR,BETAR
,PP,QQ,RR, PHIR, THETAR, DALPHR)

C MODIFIED BY RODD PERRIN OCTOBER 1985

C

O

IMPLICIT REAL (A-2)
INCLUDE 'ETPAR.F’
DIMENSION X (29)

XDAL = DALPHR

X(V) = VT
X(ALPHA) = ALPHAR
X(Q) = Q0

X(P) = PP

X(H) = HITE

X (PHI) = PHIR
X(THETA) = THETAR

CALL ATMOS (HITE,RHO)
QD=.54RHO*VT#*42

CALL THRUST (X, TOP, ETP)

CALL PROPEL (X)

CALL FLAPS (X)

CALL WB(X)

CALL TAIL (X)

CDW=CDWB-CDB

CALL RESOLV (X (ALPHA) ,CLWB, CDW, XP, ZP, CMWBF)
ALTE=ALPHAT-TPB

CALL RESOLV (ALTE,CLT,CDT,XT, ZT,CMTE)

CTHXW=CTPROP *COS (ALTH) -CLPROP *SIN (ALTH)
CTHZW=-CLPROP#COS (ALTH) -CTPROP#*SIN (ALTH)

CTHX=CTPROP*COS (THSET) -CLPROP*SIN (THSET)
CTHZ=-CLPROP*COS (THSET) -CTPROP*SIN (THSET)

ALTEFS=X (ALPHA) -ALTE
CTXW=-CLT*SIN (ALTES) ~CDT#COS (ALTES)
CTZW=-CLT#COS (ALTFS) +CDT*SIN (ALTES)

CMTHE=CTHX* (ZTH- ZCG) +CTHZ* (XTH-XCG)
CLWBT=CLWB-ST* (CTZW) /SW

CALL RESOLV (X (ALPHA) .@.8,CDB,XP, ZTH, CMBF)
CMWBTH=CMWB+ (CMWBE + CMTHE + CMBE ) /CW

e++» CALCULATE AERODYNAMIC EORCES **“*

XA
YA

D* (SW® (CTIHXW CDWD) 1 ST*CTXW)
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SUBROUTINE THRUST (X)
c 1CALCULATES COMPONENTS OF PROPELLOR THRUST
IMPLICIT REAL (A-2)
INCLUDE 'FTPAR.E'
INTEGER I.J
DIMENSION X(29)

1¢¢¢ EORMAT(' POWER TOO LOW')
1¢¢1 FORMAT(' POWER TOO HIGH')

4 EP=PL*MAXEP
ETAP=(
TCC=¢.9
TTHST=@.¢
1IF (RPM==@)GO TO 1
IF (PL==@)GO TO 1

IE (X (V) >55.9)GO TO 5

POD2=S@S*EP/745.7/ ( (PDIA/@.3@48) *+2)
PIND=3.142*RPM*PDIA/@.3@48/60.0

DO 3 J=1,6
DO 2 I=1,5
2 CALL INTERP (TOP(1,1),TOP (1, (J-1)*5+I+3),2@,POD2, TOP (I, 34) ERROR) ;
3 CALL INTERP (TOP(1,2),TOP(1,34),5,PIND, TOP (J, 35) . ERROR) “7
CALL INTERP (TOP(1,3),TOP(1,35),6,X(V), IDP, ERROR) -

!
4 Y
P ]
A e ]

oy
.7,
A
A~V
oA
¥

IE (TDP<@)GO TO 9

IE (TDP>1@)GO TO 1¢
TTHST=TDP*EP*4.4497/745.7
TCC=TTHST/ (2.@*QD*PDIA**2)
ETAP=TTHST*X (V) /EP

RETURN
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5 S@PSCP=S@S+EP/DENS/ ( (RPM/6@) **3) / ( (PDIA) *45)
1F (SPSCP<@.$25)GO TO 9
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MACH=X (V) /340.29
PINDOA=3.142*RPM*PDIA/6@3.2/348.29

DO 8 J=1,5
Do 7 I=1,11

7 CALL INTERP (ETP(1.1).ETP(1, (J-1)*11+I+3),21,S@sCP ETP(I,59)
1 ,ERROR)

8 CALL INTERP (ETP(1,2).ETP(1,59),11, PINDOA, ETP (J,6@).ERROR)
CALL INTERP (ETP(1,3),ETP(1,6@),5, MACH, ETAP, ERROR)
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IF (ETAP>1.$)GO TO 9
IF (ETAP<@.@)GO TO 11
1 TTHST=ETAP*EP/X (V)
TCC=TTHST/ (2.@*QD*PDIA**2)
RETURN
9 IF (RPM<6@@) CO TO 12
RPM=RPM- 200
co TO 4
12 TTHST=-1.9
TYPE 1999
RETURN
1 If (RPM>26@@) GO TO 13 NS

w3
."3’("}"'

g
4,
s "¢ s
:‘- »
’
PV

. J;

[hl
Y
,

&
.

“
¥y
J

LAy

3

3
P
bot
4
"




o

.

rree T

Pa

o APRRAL 2

Y X
S
PRI

| ™
Wy
N

v

-
i
~

L N
* e
[

™S
o

Y

LS
el S 4‘

¥
Pt

=~y
s
>

L3
s

SN
l‘ l. ‘. l‘ l. I'

.

A

s
-

1@

AN .\“\.'ﬁ.‘.‘.’.\"

0 WA

B

P4

13

11

14

RPM=RPM+2¢@
GO TO 4
ETAP=-1.9
TYPE 1¢¢1
RETURN

IF (RPM<6@@) GO TO 14
RPM=RPM- 20¢
GO TO 4
TCC=-1.9
TYPE 1¢@1
RETURN

END

SUBROUTINE WB (X)

'CALCULATES WING-BODY AERODYNAMICS
IMPLICIT REAL (A-Z)

INCLUDE 'ETPAR.E'

DIMENSION X (28)

CLWB=CL@+ (CLAL*ALPHAW) +CLF
CDWB=CD@+ (CDAL#* (CLWB**2) ) +CDF
CMWB=CM@+ (CMAL * ALPHAW) +CME

CLSS=¢

CMSS=g
QSOQIN=TCC*8.¢/3.142
TEMP=DUWDAL

CALL SLIPST(X.2)

IF (2SS> (PDIA/2.9))GO TO 2
BWP=2#SQRT ( (PDIA/2.@) ##2-2ZSS*#*2) -BEW/2
IF (PEEF (2)==@)GO TO 1

CMSS= (CM@+CMF ) *CWP* 4 24 BWP *QSOQIN/CW/SW
1F (PEEE (3)==@)GO TO 2

DELAW=- (DPEDAL*ALTH) / (1+TEMP)
AIL=BWP/CWP

SIL=BWP*CWP

BL=@.@8

ARL=BW/CW

IF (ARL>10.2)BL=0 .0

K2=3.@4¢ (AIL-1.9) +BL* (1@.@-ARL) *AIL
K3=1.96*SQRT (TCC)

K4=(K2+3.9%) *@.1#K3
K1=@.24K4+1.181-@.489*SQRT (TCC+@.1)

CLSS=K1*SIL* ( (1+QSOQIN) *CLAL*DELAW+QSOQIN*CLWB) /SW

CLWB=CLWB+CLSS
CMWB=CMWB+CMSS

CDWB=CDWB* (1 .@+CLSS/CLWB)

XZSS (18) =ZWC
XZSS(19) =2T
XZSS (2@) =PDIA

RETURN
END

SUBROUTINE TAIL (X)
1CALCULATES TAIL CONTRIBUTION
IMPLICIT REAL (A-2)

INCLUDE 'FTPAR.F'

DIMENSION X (29)

CALL DWASH (X)
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CALL BEND (X)

CALL SLIPST (X, 3)

IF (ZHEFE> (PDIA/2.9))GO TO 1

SHI=2#CT*SQRT ((PDIA/2.{@) #42-ZHEEF*+2)

K1=4.@8*SHI /ST

K2=K1* (TCC+@.575) -@.3

K3=@.2@2-@ .@3*ZHEFE/ (PDIA/2.@) -@.@$754* ( (ZHEFE/ (PDIA/2.9) ) **2)
DELQT=K2#K3-@.1

IF (TCC<@.1) DELQT=@.p

GO TO 2

DELQT=¢
RT=QTOQ+DELQT
RT1=RT-1

IF (PEEE (5) ==@)RT=1.9

ALPHAQ= (XT-XCG) *X (Q) / (X (V) *SQRT (RT))
ALPHAT=X (ALPHA) +TPB-EPS+ALPHAQ

CLT=RT* (A@+A1*ALPHAT) +A2*ETA+A3*BETA
CH=RT* (B@+B1*ALPHAT) +B2*ETA+B3*BETA

IF (PEFF (6)==@)RT1=p.p

CLT=CLT+RT1* (A2*ETA+A3*BETA)
CH=CH+RT1* (B2*ETA+B3*BETA)
CDT=CD@T+CDLT*CLT**2

CLTTH=CLT-RT* (A2*ETA+A34BETA)
CDTTH=CD@T+CDLT*CLTTH#**2

CMT=CMT@
PETA=QD*CETA*CH*ETAG

XZSS (22) =CT

RETURN
END

SUBROUTINE RESOLV(AL,CL1,CD1,X1,Z1,CM1)
ITRANSLATES FORCES TO THE CG

IMPLICIT REAL (A-2)

INCLUDE 'FTPAR.F'

CM1=- (CD1*COS (AL) -CL1*SIN (AL)) * (Z1-2ZCG)
1 - (CL1*COS (AL) +CD1%SIN (AL)) * (X1-XCG)

RETURN
END

SUBROUTINE DWASH (X)

'CALCULATES DOWNWASH AND TOTAL HEAD AT THE TAIL

'AND ALSO INDUCED INCIDENCE AT THE TAIL DUE TO PITCHING
IMPLICIT REAL (A-2)

INTEGER I

INCLUDE 'FTPAR.F'

DIMENSION X(2@)

KA=CW/BW-1.@/(1.@+ (BW/CW)+%1.7)
KLAM= (18 .@-3.@*WTR) /7.9
LH=XT - XWC

HH= (XT-XWC) * TAN (WSET) +ZWC - ZT
KH= (1-HH/BW) / ((2.@*LH/BW) **@ . 33)
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EPSAL=4.44* ( (KA*KLAM*KH) #41.19)
EPS=57.3* (EPS@+EPSAL* (ALPHAW-XDAL* (XT-XCG) /X (V) ))

IF (PEFF (4)==§)GO TO 1
DO 2 I=1,8
2 CALL INTERP (DELEPS(1,1),DELEPS(1,1+2),8,EPS,DELEPS(I,11).ERROR)
CALL INTERP (DELEPS (1, 2),DELEPS (1,11),8, TCC, DEP, ERROR)

ZHT=ZTH+ (XT-XTH) *TAN (THSET) -2T
KEAC=@.85-@.25*ABS (ZHT) /PDIA
DEPS=KFAC*DEP

EPS=EPS+DEPS

1 EPS=EPSF+ (EPS) /57.3
QTOQ=QTOQ
ALPHAQ= (XT-XCG) *X (Q) /X (V)

XZSS (21) =CW

RETURN
END

SUBROUTINE BEND(X)

c 'CALCULATES TAILPLANE ANGLE DUE TO FUSELAGE BENDING
IMPLICIT REAL (A-2)
INCLUDE 'FTPAR.E'
DIMENSION X (29)

LT=QD*QTOQ*ST*CLT
TPB=KFUSE*LT+TPSET

RETURN
END

SUBROUTINE TORSON (X)

c 1CALCULATES EFFECTIVE WING INCIDENCE
IMPLICIT REAL (A-2)
INCLUDE 'FTPAR.E'
DIMENSION X (29)

LW=QD*SW*CLWB =
ALPHAW=X (ALPHA) +WSET-KWING*LW

B
L

RETURN AR R

END RN
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SUBROUTINE PROPEL (X) PR

AL A«

c 'CALCULATES PROPELLER FORCES RRANARANY

RN

IMPLICIT REAL (A-2) RSN
INCLUDE 'FTPAR.E' R

DIMENSION X(20) PSRANRY

INTEGER IB PASNANERLS

CALL TORSON (X) AN

CALL SLIPST(X.1) AN

ALTH=THSET+X (ALPHA) +DUWDAL * ALPHAW KOS ADNINY

1F (RPM==g) GO TO 1 T,
A
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3 CTPROP=2*TCC*PDIA% ¢ 2/SW
GO TO 2
1 DPEDAL=(
CLPROP=@
CTPROP=@
2 CONTINUE
XZSS (17)=2ZTH
RETURN
END
SUBROUTINE INTERP (XLIST,YLIST,N,X,Y,ERROR)
C USED FOR INTERPOLATING INTO A ONE DIMENSIONAL ARRAY
c X: INDEPENDENT VARIABLE
C XLIST: LIST OF INDEPENDENT VARIABLE BREAK POINTS IN
c ASCENDING ORDER
C YLIST: LIST OF DEPENDENT VARIABLE BREAK POINTS
c N: NUMBER OF BREAK POINTS
c Y: INTERPOLATED VALUE OF DEPENDENT VARIABLE
C ERROR: .TRUE. IF EXTRAPOLARION WAS NEEDED
c

1p
29

RS S Rl e A SR SRt ReA S R N ) R A DA

CLPROP=@

IF (PEFF (1)==@)GO TO 3

IB=IFIX (NBLAD)

CALL INTERP (CYPROP (1,1),CYPROP (1,1IB), 2@, BL@,CYPSI@, ERROR)

CALL INTERP (FPROP(1,1) ,EPROP(1,2), 2@, TCC,FPR, ERROR)
CLPROP=3.1424PDIA**24CYPSI@*FPR*ALTH/SW/4 . ¢
C1=SQRT ( (SQRT (5¢.6*TCC+28.623) -5.35) /25.3)
C2=@.27%EXP (-@.1274TCC)

DPEDAL=C1+C2*CYPSI@

X I

DIMENSION XLIST(1¢@),YLIST (1¢¢)
IF (X.GE.XLIST(1))GO TO 5
ERROR=. TRUE.

I=1

GO TO 29

IF (X.LE.XLIST(N))GO TO 7
ERROR=. TRUE .

I=N-1

GO TO 2¢

ERROR=.FALSE.

DO 1@ I=1,N-1

1F (X.GE.XLIST(I) .AND.X.LE.XLIST(I+1))GO TO 29
CONTINUE

I=N-1

J=1

XLB=XLIST (J)

XUB=XLIST (J+1)

RX=XUB-XLB

W1= (XUB-X) /RX

wW2= (X-XLB) /RX
Y=W1#YLIST (J) *W2*YLIST (J+1)
RETURN

END
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SUBROUTINE SLIPST(X,I)

4
’
S

!CALCULATES LOCUS OF PROPELLER SLIPSTREAM

<y

P
Y ey

Y

IMPLICIT REAL (A-2)
INCLUDE 'FTPAR.E'
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o DIMENSION X (29) N ARG
o INTEGER I PN
N S
- CO TO(18,20.39).1 e
g L ALYy
o 1  X2SS(3)=XTH AT
™ DUWDAL=@ . 28/ (XWC-XTH) /CW SR
X XZSS (1)=2*XZSS (3) :;;-.":'s:;\
F ALUW=X (ALPHA) +DUWDAL *ALPHAW ik
xc IF (PEFF (7)) 12,12, 11 AR
e 11 ALUW=X (ALPHA) +DUWDAL* (CLWB/CLAL) LU
ay 12 XZSS (2) =ABS (X2SS (3) ) * TAN (ALUW) +ZTH NS
o XZSS (4) =2TH e
- N
RETURN N0
Ny 28 XZSS(5)=XZSS(3) /2
- ALUW=ALUW-DPEDAL *ALTH
e XZSS (6) =-ABS (XZSS (5) ) *TAN (ALUW) +XZSS (4)
s DUWDAL=@. 28/ (XWC- (XTH/2) ) /CW
ot IF (PEFF (7)) 21,21, 22

21 ALUW=ALUW+DUWDAL *ALPHAW
GO TO 23

)

i

b

e 22 ALUW=ALUW+DUWDAL* (CLWB/CLAL)
Lo 23 XZSS (7) =XWC
o XZSS (8) =-ABS (XZSS (5) -X2SS (7) ) * TAN (ALUW) +XZSS (6)
NN ZSS=ABS (ZWC-XZSS (8) )
Y
. ALUW=-WSET

- XZSS (9) SXWC+@.75+CW
:;E: XZSS (1) =-@.75*CW*TAN (ALUW) +XZSS (8) +ZELAP

PR
o RETURN
ey
\..' f
F 3@ KA=CW/BW-1/(1+ (BW/CW) *+1.7) -:;.-}Z N
e KLAM= (19.2-3.9*WTR) /7.9 R0
- WTE=XWC+@ ., 75*CW S

s :;’\‘.*.':-.
7 X2ZSS (11) =WTE+ (XT-WTE) /2 RS LSRN
— LH=XZSS {11) - XWC AT T
. HH= (XZSS (11) -XWC) # TAN (WSET) +ZWC-XZSS (10) Q_?,_ -
e 1 - (XZSS(11) -WTE) #TAN (ALPHAW) neNel
S KH= (1-HH/BW) / ( (2*LH/BW) s +@ . 33) NP
o DDWDAL=4.44+% ( (KASKLAMAKH) 41 .19) RN
:$; X2SS (12)=-ABS (XZSS (11) -WTE) * TAN (X (ALPHA) - (DDWDAL * ALPHAW) - EPSF) NN
e 1 +XZSS(1@) oy
® XZSS (13) =XT -
3 LH=XT-XWC T
o Hii= (XT-XWC) *TAN (WSET) +ZWC-XZSS (12)
t;-.- 1 - (XT-XZSS(11)) *TAN (ALUW)

. KH= (1-HH/BW) / ((2*LH/BW) *+@ . 33)

2 DDWDAL=4.44* ( (KA*KLAM*KH) +¢1.19)

s XZSS (14)=-ABS (XT-XZSS(11)) *TAN (X (ALPHA) - (DDWDAL ¢ ALPHAW) - EPSF) A
¢ 1 +XZSS(12) L .
s NN
t(_ ZHEFF=ABS (ZT-XZSS(14)) ‘.-:.-::a::
Vg AN
e XZSS (15) =XT+ (XT-WTE) /2 DALY
Yo LH=XZSS (15) -XWC A NN
C N SLYN
n HH= (XZSS (15) - XWC) * TAN (WSET) + ZWC o
s 1 -XZSS(14) - (XZSS (15) - XT) * TAN (ALUW) .o
A KH= (1-HH/BW) / ((2¢LH/BW) *¢g 33) SRR SRS
. AR
e WA

I
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EAGAONS
g AT A
. DDWDAL=4 .44* ( (KA*KLAM*KH) ¢41.19) .'5:.‘_,2’_.\::-
. XZSS (16) =-ABS (XZSS (15) -XT) * TAN (X (ALPHA) - (DDWDAL ¢ ALPHAW) - EPSF) NS
0 v' c. Pl
1 +XZSS(14) N
~ RETURN A
END DN
SUBROUTINE ELAPS (X) ROASRORY
N NN
F:J'\J“,J'.:
C 1CALCULATES CL,CM,CD,EPS,2FLAP FOR A SINGLE SLOTTED -
C IELAP FITTED TO THE Al.DEFLECTIONS 2@ DEG AND 4@ DEG &
4
4
v IMPLICIT REAL (A-Z)
. INCLUDE 'FTPAR.F'
: CLE=@.@
" CME=.0
N CDE=@.@
R ZELAP=(.9
. IF (PEEF (7) -1) 15,5, 19
o 5 CLF=p.74
i CME=-@.167
" CDE=@.@213
.7 ZFLAP=@.2+4CW*g. 364
% GO TO 15
M 1§  CLF=1.13
-, CME=-@.2829
CDF=@.@628 ‘
. ZFLAP=@.2%CW*¢.839 AN
N ST
< 15 EPSE=(CLE* (1.3+64.14 ( (ABS (ZWC-2T) /(BW/2.9) ) -@.53) **2) / It
N 1 (2.@4BW*S5.@/SW))/57.3 e
g XELAP=@.2%CW NS
. i A
RETURN .
:. END RO
LS ,‘.:_‘.
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PARAMETER (V=1,ALPHA=2,Q=3,P=4,H=5,6PHI=6, THETA=7)

INTEGER V,ALPHA,Q,P ,H,PHI, THETA

COMMON/ARGS /ACMASS , ACIXX,ACIYY ,ACIZZ ACIXZ, SW,CW, BW, WSET

1l
1
2
3
4
5
6
7
8
9
1
2
3
4

.ST,CT,CETA, TPSET, ETAG, XP, ZP, XT, ZT. XQARTC

. XTH, ZTH, ZSS, XCG, XCGP, ZCG, Ag,Al,A2,A3, Bg, B1, B2, B3
,CL@,CD@, CM@, CLAL, CDAL, CMAL , MAXEP , THSET, ALTH

. DUWDAL, ALUW, EPS@, EPSAL, QTOQ, KFUSE, KWING, CD@T, CDLT, CMT@
,CMQW, CLP, CLXI, TSAMP, V@, PHI@

,PW,QW,RW, CTHX, CTHZ,, CLWB, CDWB, CMWB, CLWBT

,ALPHAW, TPB, ALPHAQ, EPS, DPEDAL , ALPHAT, CLT, CDT, CMT, CH
,ETA@®,ETA,PETA,BETA,XI

. TTHST, CTHXW, CTHZW, CMWBE , CMTF , CLTTH, CDTTH, CMWBTH, CMTTH
.NPSFI,NPSFR,MPSFI,MPSFR,CDB,GTR, QD, RHO, XDV, XDAL

.NBLAD, PDIA,RPM, CWP, BEW, CLPROP, CTPROP, ETAP, TCC, PCP

.WTR, TAPERF , BTAIL, DTAIL, BL@, S@S, DEPS, CLF ,CMF, CDF , EPSF
.XFLAP, ZELAP, DELEPS (8, 11) , EPROP (2@. 2) , CYPROP (2%, 4) , PEFF (7)
,XZSS (24) , XWC, ZWC, ZHEFF ,RT, LT, PL, PL@, TOP (2@, 35) ,ETP (21, 6@)

COMMON/ARGS2/HITE, DENS

LOGICAL ERROR

P

»

»
L4

l
‘!

1, AN
PUNSAFN
L N N Y i

:

L A
’
(RN RN

N
.
.

.
P
e A

)

AECrArLs
"-""n 0o
AR n.'{.‘;‘
AN

>
“ 4

I
N

T
N

.
E
.
@
-

>
~
«

’

AN
e

ra l‘l"
‘l'l’l
e
L%
I
[ By Sy

AR RANAAS
oy

"/'"
T
"'.4."
lﬂ"l.l

!

NN
[
XA
Y,

Ay Sty
.""
P

('
)
Tl

’r
“
‘y

fl
>

-t A,

‘i""lr.'r‘v
N S

>

RS AAS

(]
5,
)

PR PR AR

’:’
z
'y
P’ .

Py .

4

x ,4&

/

a v‘:
»

e

WA
P

il
™
X

.
]




2
b
.
p
L

3
Ly
a
:
r
s
:
p
.
b
13
&
[
.
[}
1
.
.
[ 3
Ls
.
3
T
:
.
A
.
i
A
-

p -
4»'...‘ [

g

"

J APPENDIX 3. SET UP PROGRAM LISTING - FTCHOO

N

3 ETCHOO.F

s TTmsmeses

»'

)
o ! PROGRAM FOR PREPARING DATA FOR INPUT INTO CAM'S FLICHT

o C ! SIMULATION PROGRAM.THE DATA IS READ IN FROM ETSUD EILE
o ! AND THEN DISPLAYED ON A VDU ALONG WITH VARIABLE NAMES
c ! CHANGES CAN BE MADE BY APPLYING THE COMMANDS INDICATED

IEAACTAAN \

DIMENSION A (4§),B(54)
DOUBLE PRECISION Al (4g),B1(54)

DATA Al/'TTOT','TSAMP', 'NH', 'HN', 'DELH', 'NV','VN', 'DELV',
*NPHI', 'PHIN', 'DELPHI', 'NPL', 'PLN', 'DELPL', 'NRPM',
"RPMN', 'DELRPM', 'WEIGHT', 'NXCG', 'XCG %', 'DELXCG',

'ZCG', 'PEFF (1) ', 'PEFF (2) ', "PEFF (3) ', 'PEFF (4) ', 'PEEF (5) ',
'PEFF (6) ', 'PEFE(7) ', 'XT', 'ZT', 'XTH', 'ZTH', 'THSET',
"MAXEP', 'NBLAD', 'PDIA', 'WSET', 'TPSET', 'ETAG'/

T O e N

DATA B1/'MASS','IXX','IYY', 'IZZ','IXZ','SW', 'CW'
.'BW' 'ST','CT','CETA','XP','ZP', 'CWP'
. 'BEW', 'BTAIL', 'CL@', 'CLAL', 'CDg', 'CDAL', 'CMg'
.'CMAL', 'EPS@', 'EPSAL', 'QTOQ', 'Ag','Al','A2','A3','B@', 'B1’
.'B2','B3', 'CD@T', 'CDLT', 'CMI@', 'CMQW', 'CLP', 'CLXI', 'KWING'
. 'KEUSE', 'NPSFI', 'NPSER', 'MPSFI', 'MPSER', 'CDB', 'GIR', 'BL@"',
'"WTR', 'TAPERE', 'XWC', 'ZWC', 'S@S', 'XQARTC'/

P L =

OPEN (UNIT=1,FILE='ETSUD2.0UT', STATUS='OLD')
OPEN (UNIT=2,FILE='FTSUD2¢.OUT', STATUS='OLD"')

c ! PRIMARY DATA READ IN,STORED IN ARRAY A
READ(1,*) (A(I),I=1,1g)
READ (1, *) (A(I).I=11, 29) N "
READ (1, %) (A(I),I=21, 3@) S
READ (1, +) (A(I),I=31,49)

c ! SECONDARY DATA READ IN,STORED IN ARRAY B
READ (1, *) (B(I).I=1,1@)
READ (1,4) (B(1).I=11, 29)
READ(1,*) (B(I),I=21,3@)
READ(1,*) (B(I),I=31,49)
READ(1,*) (B(I),I=41,5@)
READ (1, +) (B(I),I=51,54)

“a
. '.'

‘C
PR
l'l

c ! FLAG SETTING - @.¢ FOR ARRAY A , 1.8 FOR B
FLAG=@.¢

e

c ! DISPLAY ON VDU HEADINGS, THEN NAMES AND VARIABLE VALUES
1592 PRINT 1¢¢@

PRINT 1¢1

PRINT 12

F
R4
%

K .
A%ty

'l
R, ST

IF (FLAG==1.¢) GO TO 17¢¢

DO 19@@ I=1,2¢

J=1+20

PRINT 1@3.1,A1(I),A(I).J A1(J) . A(J)
1@@3 CONTINUE




1999 CONTINUE

. 15¢4 PRINT 1¢4
15¢¢ ACCEPT *,I.F
IF (FLAG==1.¢) GO TO 18¢@

A(I)=F
GO TO 18¢1
18g¢ B(I)=F L

18¢1 CONTINUE
IE(I .NE. O) GO TO 15¢¢@
15¢1 PRINT 1¢5
ACCEPT #*,1
GO TO (15@2,16@@,15@3) I+2

WIS v wn

LA
& s 8

TR

1583 FLAG=1.¢
GO TO 15@2

17¢¢ DO 1¢@1 I=1,27
J=I+27
PRINT 1¢3,I,B1(I).B(I),J,B1(J),B(J)
1##1 CONTINUE
GO TO 15@4

TR,

c ! PRIMARY DATA WRITTEN OUT FROM RRAY A OGN
16@% WRITE(2,*) (A(I),I=1,1pQ) WAl
WRITE (2,*) (A(1).I=11,2@) RS

WRITE (2. +) (A(I).I=21,3@) MR

WRITE (2.*) (A(1),1=31,49) AR

-

c ! SECONDARY DATA WRITTEN OUT FROM ARRAY B AN
WRITE (2, *) (B(1).I=1,1p) R

WRITE (2, *) (B(1),I=11,2¢) A NS

WRITE (2,4) (B(1).I=21,39) N A

WRITE (2, *) (B(I),I=31,4p) RO

WRITE (2, *) (B(I).I=41,5@) AALCRAN

WRITE (2,*) (B(I),I=51,54) o ;
NS

1@ FORMAT(/,/,9X,' #*¢¢* ETSIM SETUP DATA-TO CHANGE TYPE I,F' SRS
1,' *ase ) - ::.:::‘.:_::

1¢1  EFORMAT(/.17X,' - TERMINATE CHANGES WITH #.8 - ')

1¢2 FORMAT(/.2(' #(I)'.1X, 'QUANTITY',7X, 'VALUE (F)'.4X ))

1¢3  FORMAT(2(1X,12,3X,A1@,F14.7,2X))

14 FORMAT(/,' TO CHANGE VALUE TYPE I,NEW F ')

1¢5 FORMAT(/.' TYPE -1,$.1 TO REVIEW, TERMINATE OR VIEW REMAINING'
1,' DATA ')

CLOSE (UNIT=1)
CLOSE (UNIT=2)

END

s
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#4444 FTSIM SETUP DATA-TO CHANGE TYPE I,F ##a¢

#(I) QUANTITY

- TERMINATE CHANGES WITH ¢.¢ -

VALUE (F)
-PPP9200
- 1902200
1.9929929
1.9209000
-PPP22PP
21.9092000
69 .2000000
3.990¢092
1.9990¢00
-PP2P000
199 .9222000
-PPPP290
-PPPP2PP
-PRPPRPP
1.99000¢0
2609 . 9000000
-PPPPP2P
1250 .9290029

3.92922¢9
25.0988597

TO CHANGE VALUE TYPE I,NEW F

1 TTOT

2 TSAMP
3 NH

4 HN

5 DELH
6 NV

7 VN

8 DELV

9 NPHI
19 PHIN
11 DELPHI
12 NPL

13 PLN
14 DELPL
15 NRPM
16 RPMN
17 DELRPM
18 WEIGHT
19 NXCG
20 XCG ¥
4 Q.

7 199.
g o

#(I) QUANTITY
21

DELXCG
22 ZCG

23 PEFF (1)
24 PEFF (2)
25 PEFF (3)
26 PEFEF (4)
27 PEEF (5)
28 PEEF (6)
29 PEEF (7)
g XT

a1 ZT

32 XTH

33 ZTH

34 THSET
3s MAXEP
36 NBLAD
37 PDIA
s WSET
39 TPSET
ap ETAG

155099
3

e
A
Q
Q
A>)
Q[
Q
A

VALUE (F)
.1135¢62
.9591099

Wit w
wn
wn
R
A
-
A
A

.9999000

1.9200000

-9236000
9222029

TYPE -1,¢,1 TO REVIEW, TERMINATE OR VIEW REMAINING DATA

-1

#a4¢ FTSIM SETUP DATA-TO CHANGE TYPE I,F #a#¢

#(I) QUANTITY

1 TTOT

2 TSAMP
3 NH

4 HN

5 DELI

6 NV

7 VN

8 DELV

9 NPHI
19 PHIN
11 DELPHI
12 NPL

13 PLN

14 DELPL
15 NRPM
16 RPMN
17 DELRPM
18 WEIGHT
19 NXCG
29 XCC %

- TERMINATE CHANGES WITH @.¢ -

VALUE (F)
-PPRP22P
- 1902000
1.9920002
- PPRPIPP
-PPPPIPP
21.99200¢9
199 . 9900209
3.9900202
1.9000002
-PPPP20P
199 . 9000020
-PPR2PPP
- PPPEIPP
-PRPPP00
1.9200202
2609 . ¢PPP009
- PP2PPRP
1250 .9929200

3.9299200
25.9988597

#(I) QUANTITY
21

DELXCG
22 2CG
23 PEFF (1)
24 PEEF (2)
25 PEFF (3)
26 PEFF (4)
27 PEFF (5)
28 PEFF (6)
29 PEEF (7)
g XT
31 ZT
32 XTH
33 ZTH
34 THSET
as MAXEP
36 NBLAD
37 PDIA
38 WSET
39 TPSET
49 ETAG

[T

VALUE (F)
.1135¢6@
.$591000
el
- 9222003
N Jededegeloied
@200
-PPPP2PD
-PEPP22P
- PRPPRRP

3.9990209

155099 .
3
1.

- S592¢92
.6600031
-PPPPPRP
- PPeePPP
goP2R2P
-PREOPOP
9P2IPEP
.PLI5¢eP
-PP36200
- PPPPPPP
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.\;'.;‘::::
" L
A
PNEES
TO CHANGCE VALUE TYPE I,NEW E ;Z:Z;Z:Z‘:-;;ﬁ
o9 PR
TYPE -1,8,1 TO REVIEW,TERMINATE OR VIEW REMAINING DATA i «__
1 :*-"*-f.&":
R
¢s¢¢ FTSIM SETUP DATA-TO CHANGE TYPE I, F se#+ ;\ ;:x_i
Ny )
- TERMINATE CHANGES WITH 9.9 - :" =
#(I) QUANTITY VALUE (F) #(1) QUANTITY VALUE (F) EZ;-:Z:T:‘.::E:
1 MASS 125@.0009028 28 A2 2. 2009000 e
2 IXX 1355.0009098 29 A3 .PPP2002 el
3 9 04 2466 .9000208 39 Bg -PPPPPPP RSENERE
4 122 3660.0000099 31 Bl .PPPOP0P S
5 9.¢4 .PPPP008 32 B2 - . 4200000 ° o
6 SW 15.9900098 33 B3 - .1200000 SR
7 cwW 1.5790921 34 CDPT . PPPPPPD Canne
8 BW 10.9999029 35 CDLT .PPPPPRP N
9 ST 2.7200008 36 CMT® .PPBRPPP AT
19 cT 8799093 37 CMQW -PPPPP03 A
11 CETA .337¢¢p3 38 CLP - . 4952000 N
12 XP -1.2660098 39 CLXI - . 3622000 -
13 Zp . 2600000 49 KWING -PPP2PPP R
14 CWP 2.9000008 41 KFUSE -PPPPPPP N
15 BEW 8100008 42 NPSF1 .P100000 ADATAY
16 BTAIL 3.1999999 43 NPSFR . PPPPPPP AT
17 CL® .2256198 44 MPSF1 .PPPPPPP kY -
18 CLAL 4.9799092 45 MPSER .PPPPOPP SN
19 cog .@380009 46 CDB 9125000 R
29 CDAL .pe5¢pgp 47 GTR 1.2900000 DR
21 CM@ -.P2590008 48 BL@ 25.9000900 N
22 CMAL -PP2PPP8 49 WIR - 4420009 e
23 EPS@ .PO0P008  S@ TAPERF .SPPPRPP N AN
24 EPSAL 4000003  S1 XWC -1.2000000 RN
25 QTOQ 1.9900008 52 Zwe - 2620000 Sl
26 Ag .PP00098 53 sgs 1.5000000 X
27 Al 3.1602¢¢1 54 XQARTC -1.2000209 AR
TO CHANGE VALUE TYPE I,NEW F :;:::EZ:ZI:E
g9 RN
TYPE -1,%,1 TO REVIEW, TERMINATE OR VIEW REMAINING DATA 1:'3:’;" -
4 ARSI
: RSy
u:'_v:"r:’:-::,
N \-f.:':.‘f‘\'
RO
e
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YA WAN
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APPENDIX 4. EXAMPLE OF TIME HISTORIES ANALYSIS

LY Y P Y P R Y Y P R P Y P P L L R

SDOFAP . SETUP

"ess ACSL. COMMAND FILE TO PERFORM TIME HISTORY ANALYSIS. s#s"
"st4 APPLICATION: LONGITUDINAL STABILITY STUDY OF A LIGHT ##¢#+"
"s¢s ATRCRAFT INFLUENCED BY POWER EFFECTS. haan

S PRN=9, TCWPRN=72,RRR=21

"a4¢ TIME HISTORY ANALYSIS OF THE SHORT PERIOD RESPONSE *#*"
"e4¢ OF A LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT. sann

S TSTP=5.¢, NSTP=1,CINT=.¢5

S CALPLT=.F.,PRNPLT=.F.,STRPLT=.T.,GRDPSPL=.T.

OUTPUT VEK,ALPHAD,Q,ALT, ETAD, GAMMAD, THETAD, TIME, AN, '"NCIOUT'=1¢
PREPAR TIME, VEK,ALPHAD,Q, ETAD,ALT, GAMMAD, THETAD, AN

S DPL=1.
S THRMAX=@.@®, TSTART=@.®, TPULSE=TSTP, TREPET=20g@. SRR
S ETAMAX=-5.@,ESTART=@.@1,EPULSE=.5,6 EREPET=200. e
IEA NS
S TSTOP=TSTP,DXCGP=7.22968 AN
S DALT@=1¢299. NN
NI
START I
D CGPOS,PLS NIGARR
S CMD=DIS }_:-::J-,::q_:
P A5
L -"-"_-"‘-.
S RRR=21 AL
P T
’ i
S TITLE='  LIGHT AIRCRAFT - SHORT PERIOD MODE. ! .'.~ﬁ&lﬂ
RANGE ETAD K
S CMD=DIS DN
PLOT ETAD, 'XHI'=TSTP, 'HI'=HI1, 'LO'=LO1, 'XTAG'="'(SEC) ', 'TAG'=' (DEG) ' AIASLLEY
e e N
EA AN
S TITLE=' ' SN
RANGE ALPHAD,Q R
S CMD=DIS SN
PLOT ALPHAD, 'HI'=HI1, 'LO'=LO1, 'TAG'='(DEG) ' ... B en

.Q, 'HI'=HI2, 'LO'=LO2, 'TAG'=" (RAD/SEC) '

RANGE AN, VEK

S CMD=DIS 2
PLOT AN, 'HI'=HI1,'LO'=LO1,'TAG'='( G )"' ... X
,VEK, 'HI'=HI2, 'LO'=L0O2, 'TAG'=" (KTS) "' -

)
&

S TITLE=' LIGHT AIRCRAFT - SHORT PERIOD MODE. !
RANGE GAMMAD, THETAD
S CMD=DIS
PLOT GAMMAD, 'Hl'=HI1, 'LO'=LOl, 'TAG'="' (DEG) '
,THETAD, 'HI'=HI2, 'LO'=L0O2, 'TAG'=" (DEG) '

.

AR
VAT
AV ST

)
YA
R

l. I' L.l"\.
g et

.
(O
SO

#
P

S CMD=DIS

A
y‘.'l‘-'/ SR
.

PRI
A
A RPN P

b
’

(P!

4

»
AN

....
b
e
L

p NS

3
'




*¢¢+ TIME HISTORY ANALYSIS OF THE SHORT PERIOD RESPONSE ##*'
‘¢¢¢ OF A LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT. aent

S TSTP=5.@,NSTP=1,CINT=.@5
S CALPLT=.F.,PRNPLT=.F.,STRPLT=.T.,GRDSPL=.T.

OUTPUT VEK, ALPHAD,Q,ALT,ETAD,GAMMAD, THETAD, TIME, AN, 'NCIOUT'=1¢
PREPAR TIME, VEK,ALPHAD,Q,ETAD,ALT, GAMMAD, THETAD, AN

S DPL=1.

S THRMAX=@.@, TSTART=@.@, TPULSE=TSTP, TREPET=20@.
S ETAMAX=-5.@,ESTART=@.$1, EPULSE=.5, EREPET=2¢@.

S TSTOP=TSTP,DXCGCP=7.22968

S DALT@=19@@@.

START
VEK
ALT
THETAD

VEK
ALT
THETAD

VEK
ALT
THETAD

VIK
ALT
THETAD

VEK
ALT
THETAD

VEK
ALT
THETAD

VEK
ALT
THETAD

VEK
ALT
THETAD

VEK
ALT
THETAD

VEK
ALT
THETAD

VEK
ALT
THETAD

99.9999¢59

19928 . 2298
4.45191191

99.7383439
19934 . 2341
11.6799795

98.415@283
19¢14.512¢
16.2218415

97.9¢84799
19@3@.8854
14.9046647

95.7332492
19249.2153
13.7@25@95

94.55@3649
19966 .8256
13.2415@65

93.4366668
19@83.8828
13.979@781

92.3810449
1919@.2189
12.9373689

91.43926631
18115.8837
12.7424994

9% .655@76@
1913¢.9422
12.5656171

89.93@8754
19145 .4264
12.3637¢42

ALPHAD 2.3614¢2¢1
ETAD @.8@@67985
TIME &.

ALPHAD 8.@857580¢
ETAD-4.19923639

TIME 2.5p990000

ALPHAD 7.8256@635
ETAD @.80¢67985
TIME 1.29222290

ALPHAD 4.13979811
ETAD @.8@@67985
TIME 1.5¢202009

ALPHAD 2.6016322¢
ETAD @.8@p67985
TIME 2.99229209

ALPHAD 2.43318653
ETAD ¢.8@@67985

TIME 2.5¢92¢999

ALPHAD 2.62361519
ETAD @.82@67985
TIME 3.¢222¢P200

ALPHAD 2.8@481571
ETAD @.8@@67985
TIME 3.58¢29299

ALPHAD 2.92349396
ETAD @.8p267985
TIME 4.¢20¢22220

ALPHAD 3.04215@94
ETAD @.8¢267985
TIME 4.522920¢¢

ALPHAD 3.13963864
ETAD @.8@@67985
TIME 5.¢@¢@2¢299

Q.
GAMMAD 2.13@5@99¢
AN @.99695626

Q 2.49193779
GAMMAD 3.59332151
AN 1.847533@8

0-92.93434133
GAMMAD 8.39623514
AN 1.7918p178

Q-¢.9563447¢
CAMMAD 1¢.7648666
AN 1.19691563

Q-@.p2671267
GAMMAD 11.18@8773
AN @.94981¢21

Q-@.PP849723
GAMMAD 1¢.8@83200
AN @.9¢641519

Q-7 .9%441599
GAMMAD 1¢.4554629
AN $.91313888

Q-2.99586753
GAMMAD 1¢.1325532
AN @.918@9176

0
1
Q

.@P661579
.8192@547
92266517

%’

QvE WUE WY

.PP63@872
.52346617
92371291

1 T

PB193P29
. 22406554
92242613

Q
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D CGPOS,PLS
CGPOS 32.3285397
. S CMD=DIS
S CMD=1¢

PLS 1.90090209

S RRR=21

S TITLE='
RANGE ETAD
ETAD-4.19923639 @.88967985
S CMD=DIS
S HI1=2.,LO1=-6.
S CMD=1¢
PLOT ETAD, 'XHI'=TSTP,

LIGHT AIRCRAFT - SHORT PERIOD MODE. '

'HI'=HI1, 'LO'=LO1, 'XTAG'=" (SEC) ', 'TAG'=" (DEG) '

S TITLE=' '
RANGE ALPHAD,Q
ALPHAD 2.3614@2@1
Q-2.95862956
S CMD=DIS
S HI1=14.,LO1=-2.,HI2=.6,L02=-.2
S CMD=1g
PLOT ALPHAD, 'HI'=HI1, 'LO’'=LO1, 'TAG'="' (DEG) '
,Q. 'HI'=HI2, 'LO'=LO2, 'TAG'=' (RAD/SEC) '

9.38391014
@.4$193779

RANGE AN,VEK
AN @.996315¢5 2.98298743
VEK 89.8613617 1¢@.Pp@728

S CMD=DIS

S HI1=2.5,LO1=.5,HI2=1¢S.,L02=65.

S CMD=1p

PLOT AN, 'HI'=HI1,'LO'=LO1,'TAG'='( G )' ...

,VEK, '"HI'=HI2, 'LO'=L02, 'TAG'=" (KTS)

S TITLE=' LIGHT AIRCRAET - SHORT PERIOD MODE. !
RANCE GAMMAD, THETAD
GAMMAD 2.¢992¢455 11.1164848

THETAD 4.49191191 16.2218415
S CMD=DIS
S HI1=12.,LO1=2.,HI2=2@.,L02=¢.
S CMD=1¢

PLOT GAMMAD, 'HI'=HI1, 'LO'=LO1, 'TAG'=' (DEG) '
, THETAD, 'HI '=HI2, 'LO'=L02, 'TAG'="' (DEG) '

S CMD=DIS
STOP
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SDOEAP . SETUP

Wese ACSL. COMMAND FILE TO PERFORM TIME HISTORY ANALYSIS. #¢s”
"+4+ APPLICATION: LONGITUDINAL STABILITY STUDY OF A LIGHT #¢s"
"ss¢¢ ATRCRAFT INFLUENCED BY POWER EFFECTS. YL

S PRN=9, TCWPRN=72,RRR=21

"ss4 TIME HISTORY ANALYSIS OF THE PHUGOID RESPONSE OF ##4"
"#ee A LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT. LA

S TSTP=12¢.¢,NSTP=1,CINT=.@5

S CALPLT=.T.,PRNPLT=.F.,STRPLT=.F.,GRDCPL=.T.

OUTPUT VEK,ALPHAD,Q,ALT,ETAD, GAMMAD, THETAD, TIME, AN, 'NCIOUT'=249
PREPAR TIME,VEK,ALPHAD,Q,ETAD,ALT,GAMMAD, THETAD, AN

S DPL=@.
S THRMAX=@.@, TSTART=@.@, TPULSE=TSTP, TREPET=2¢@ .
S ETAMAX=1.@, ESTART=@.@1,EPULSE=S., EREPET=2¢@.

S TSTOP=TSTP,DXCGP=7.22968
S DALT@=1029@ .

START
D CGPOS,PLS
S CMD=DIS

S RRR=21

S TITLE=' LIGHT AIRCRAFT - PHUGOID MODE. !
RANGE ETAD

S CMD=DIS

PLOT ETAD, 'XHI'=TSTP, 'HI'=HI1, 'LO'=LO1, 'XTAG'="'(SEC) ', 'TAG'="' (DEG) "'

S TITLE=' '

RANGE ALPHAD,Q.AN

S CMD=DIS

PLOT ALPHAD, 'HI'=HI1,'LO'=LO1, 'TAG'='(DEG)',Q, 'HI'=HI2, 'LO'=LO2 ...
. 'TAG'=" (RAD/SEC) ' , AN, 'HI'=HI3, 'LO'=LO3, 'TAG'='( G )

RANGE VEK,GAMMAD, THETAD

S CMD=DIS

PLOT VEK, 'HI'=HI1, 'LO'=LOLl,'TAG'='(KTS)'.GAMMAD, 'HI'=HI2, 'LO'=L02
,'TAG'="' (DEG) ', THETAD, 'HI '=HI3, 'LO'=LO3, 'TAG'="' (DEG) '

S CMD=DIS
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'44¢ TIME HISTORY ANALYSIS OF THE PHUGOID RESPONSE OF ##+¢'
‘*#44 A LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT. tes!

S TSTP=12@.@, NSTP=1,CINT=.@5

S CALPLT=.T.,PRNPLT=.F.,STRPLT=.F.,CRDCPL=.T. ;{2"‘“"\*
OUTPUT VEK,ALPHAD,Q,ALT, ETAD, GAMMAD, THETAD, TIME, AN, 'NCIOUT'=24¢ e
PREPAR TIME,VEK,ALPHAD,Q,ETAD,ALT,GAMMAD, THETAD, AN PN
TN
S DPL=¢. e
S THRMAX=@.@, TSTART=@.@, TPULSE=TSTP, TREPET=2¢@. A
S ETAMAX=1.@,ESTART=@.@1,EPULSE=5.,EREPET=200. -
S TSTOP=TSTP,DXCGP=7.22968
S DALTP=1@@@¢@ .
START
VEK 99.9999¢59 ALPHAD 2.69495477 Q4.
ALT 190203 .9009 ETAD $.49637286 GAMMAD-6.12632886
THETAD-3.431374@9 TIME @. AN @.99929857
VEK 121.937459 ALPHAD 1.93136242 Q @.p4324758
ALT 9399.4@124 ETAD @.49637286 GAMMAD-S . 39135482
THETAD-3.45999241 TIME 12.0@22009 AN 1.315@81¢5
VEK 87.552@883 ALPHAD 3.43412635 Q-@.9254985¢@
ALT 9521.73771 ETAD @.49637286 GAMMAD 2.8@32277¢
THETAD 6.23735485 TIME 24.0922099 AN ©.85162012
VEK 99.1196767 ALPHAD 2.65628993 Q-9.92182716
ALT 9218.32978 ETAD @.49637286 GAMMAD-15. 26@@428
THETAD-12.6@37528 TIME 36.2@22000 AN @.97578389
VEK 1{9.298973 ALPHAD 2.31813959 Q 2.91964675
ALT 8795.32924 ETAD @.49637286 GAMMAD- 2 . 298@4627 :
THETAD @.@2¢@9332 TIME 48.2@20209 AN 1.126@1581 .
VEK 91.1228162 ALPHAD 3.198@2476 Q-9.$1958144 X
ALT 8763.29354 ETAD @.49637286 CAMMAD-4.24752148
THETAD-1.$4949672 TIME 6@ .2P2000P AN @.8927¢2¢9
VEK 1¢3.20291¢@2 ALPHAD 2.51945226 Q 2.92792534
ALT 8414.01146 ETAD @.49637286 GAMMAD- 1@ . 2520¢7¢
THETAD-7.73255472 TIME 72.0¢9000% AN 1.93622142
VEK 1@2.264847 ALPHAD 2.59925787 Q $.98533936
ALT 815@.97446 ETAD @.49637286 GAMMAD-2.7237836@
THETAD-@.12452573 TIME B84.P@@2000 AN 1.932132¢3
VEK 95.5421614 ALPHAD 2.92362864 Q-2.99982669
ALT 8@@@.27666 ETAD @.49637286 GAMMAD-6 .8296476@
THETAD- 3. 98621896 TIME 96 .@@222@¢ AN $.94358945
VEK 1¢3.120145 ALPHAD 2.54128177 Q 2.¢p674862 N
ALT 7681.26595 ETAD @.49637286 GAMMAD-7 . 28543841 .
THETAD-4.74415664 TIME 198 .@@@00p AN 1.938p18@2 X
VEK 99.3821384 ALPHAD 2.73222594 Q-P.¢P191423 o
ALT 747¢.985@9 ETAD @.49637286 GAMMAD-4 . 1726@998 A
THETAD-1.438384¢4 TIME 120.P9002p AN @.9926@128
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D CGPOS,PLS

CGPOS 32.3285397 PLS @.
S CMD=DIS
S CMD=1@

S RRR=21

S TITLE=' LIGHT AIRCRAFT - PHUGOID MODE. !
RANGE ETAD
ETAD @.49637286 1.49635611
S CMD=DIsS
S HIl1=2.,LOl1=¢.
S CMD=1¢
PLOT ETAD, 'XHI'=TSTP, 'HI'=HI1, 'LO'=LO1, 'XTAG'="'(SEC) ', 'TAG'=' (DEG) '

S TITLE=' '
RANGE ALPHAD, Q,AN
ALPHAD-@.23557132 3.77131611
Q-9.98@342¢3 @.95¢95342
AN $.617¢2932 1.3209¢147

S CMD=DIS
S HIl=4.,LO1=-1.,HI2=.1,L02=-.1,H13=1.4,L03=.4
S CMD=1p
PLOT ALPHAD, 'HI'=HI1, 'LO'=LO1, 'TAG'='(DEG)',Q, 'HI'=HI2, 'LO'=L0O2 o
. "TAG'="' (RAD/SEC) ' ,AN, 'HI'=HI3, 'LO'=LO3, 'TAG'="'( G ) et
NN
RANGE VEK,GAMMAD , THETAD e
VEK 83.2781743 122.456445 YL
CAMMAD- 2@ . @4¢4889 6.21916@33 AT
THETAD-19.6957197 8.959p@@22 S
S CMD=D1sS _-l:;.;.:_-.
S HI1=13@.,LO1=8¢., HI2=15.,L02=-35. HI3=25.,L03=-25. S
S CMD=1g RO
PLOT VEK, 'HI'=HI1, 'LO'=LO1, 'TAG'='(KTS)',GAMMAD, 'HI'=HI2, 'LO'=L0O2 RSAARAY
,'TAG'="'(DEG) ', THETAD, 'HI '=HI3, 'LO'=L03, 'TAG'=' (DEG) ' ":::J o
:\ IS 1“‘:\
S CMD=DIS ®
STOP R
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APPENDIX S. EXAMPLE OF EIGEN ANALYSIS

YR LR Y P Y X P Y PP P P R IR L L X

SDOFAP . SETUP

"s##¢ ACSL. COMMAND FILE TO PERFORM EIGEN ANALYSIS, ##4"
"s44 APPLICATION: LONGITUDINAL STABILITY STUDY OF ##¢+"
"s2¢2 A LIGHT AIRCRAFT INFLUENCED BY POWER EFFECTS., ###"
S PRN=9, TCWPRN=72

"s¢4 FIGEN ANALYSIS OF LONGITUDINAL MOTION OF A ##¢"
"444 LTIGHT AIRCRAFT INFLUENCED BY POWER EFFECTS. ##¢"

S NSTP=1,CINT=.g5
S DXCGP=7.22968, TSTOP=.
S DALT@=19¢2@ .

PREPAR TIME, VEK,ALPHAD,Q,LETAD,ALT, GAMMAD, THETAD, AN

"ess EIGEN ANALYSIS ##+"
S DPL=@.

START
D CGPOS,PLS

ANALYZ 'FREEZE'=X,Y,Z,P,R,BETAR,TAUl, TAU3
ANALYZ 'EIGVEC'=.T., 'EIGEN'

"s#4+ ETIGEN ANALYSIS ###"

S BEGIN=.F.
S DPL=1.
START

D CGPOS,PLS

ANALYZ 'EIGVEC'=.T., 'EIGEN'

STOP
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SDOFAP.L

‘¢++ EJCGEN ANALYSIS OF LONGITUDINAL MOTION OF A ##4¢'
‘*#4¢ LIGHT AIRCRAFT INFLUENCED BY POWER EFFECTS. ##4'

S NSTP=1,CINT=.{S
S DXCGP=7.22968, TSTOP=@.
S DALT@=1¢@¢Q.

PREPAR TIME, VEK,ALPHAD,Q,ETAD,ALT, GAMMAD, THETAD, AN

"#+¢+ EIGEN ANALYSIS ##¢'
S DPL=@.
START
D CGPOS,PLS
CGPOS 32.3285397 PLS 2.

ANALYZ ‘'FREEZE'=X,Y,Z,P,R,BETAR, TAU1, TAU3
ANALYZ 'EIGVEC'=.T., 'EIGEN'

COMPLEX EIGEN VALUES IN ASCENDING ORDER

REAL IMAGINARY FREQUENCY DAMPING
1 -3.2785E-16
2 -@.91886@9@2 +/-@.18552241 ?.186479 ?.121138
4 -1.84179949 +/-1.71229379 2.514791 @.732387
COMPLEX EIGEN VECTORS
1 2 3
1 -$.9819847 @. 2.849E-@4-3.8@6E-@5 2.849E-P4 3.8@6E-@5
2 $.9299791 @. @.2P95129-¢.90127¢7 @.9@95129 @.9@127¢7
3 1.461E-16 @. 1.127E-@4 @.@@35793 1.127E-@4-@.@@35793
4 $.1867997 @. @.$142453 @.9998451 @.$142453-%.9998451
5 2.8@PE-27 @. 7.71SE-25-@.9@13798 7.715E-@5 @.@@137g8
4 5
?.PP25¢64 @.@P31429 @.2P25064-@ . 9931429
@.9836763 @.1049257 ¥.2836763-@.1949257
?.9511203-3.6733628 @.2511200 ¢.6733628
$.4396764 $.436932¢ $.4396764-0.4369320
@.3589739 $.1133794 ®.3589739-@.1133794
"e#+ EIGEN ANALYSIS ##+'
S BEGIN=.F.
S DPL=1.
START
D CGPOS,PLS
CGPOS 32.3285397 PLS 1.99000000

ANALYZ ‘'EIGVEC'=.T., 'EIGEN’




COMPLEX EIGEN VALUES IN ASCENDING ORDER

REAL IMAGINARY FREQUENCY DAMPING
1 -6.9337E-17
2 -@.9179@625 +/-$.15272391 ?.153667  $.11967¢
4 -1.9923P691 +/-1.74483996 2.648349  $.752283

COMPLEX EIGEN VECTORS
1 2

1 -$.9992318 @. -1.8¢8E-@4 2.S49E-@4
2 -.$391893 2. ?.2P46099-3. PP64994
3 -1.728E-16 . ?.9918298 @.22163¢4
4 -4.80SE-29 @ @.66639¢@ @.7455544
5 4.6@5E-12 @ -3.9912826-3.9913281
4 5

3.778E-P4-3.9@52915 3.778E-@4 @.9@52915
-$.9996333 @.1349206 -#.9¢96333-3.13492¢6
@.5096@59-@.5043772 @.5096959 @.5043772
-3.$298649 @.5624622 -@.$298649-@.5624622
@.1840649 @.341241¢9 #.1840649-2.3412410

STOP

2 WORDS TABLE SPACE USED

3
-1.8@8E-@4-2.549E-24
?.9246899 3.2264994
?.2918298-3 . 231634
?.6663993-3.7455544
-@.9@12826 @.@@P13281




APPENDIX 6. EXAMPLE OF JACOBIAN ANALYSIS

X P P LY P R I Y P R R R L X

SDOFAP.SETUP

"sss ACSL. COMMAND FILE TO PERFORM JACOBIAN ANALYSIS. ###*"
"sss ADPLICATION: LONGITUDINAL STABILITY STUDY OF A ##+"
mss++ LIGHT AIRCRAFT INFLUENCED BY POWER EFFECTS. aran
S PRN=9, TCWPRN=72

"##4 JACOBIAN ANALYSIS TO DEDUCE NON-DIMENSIONAL ###"

"+4+ AERODYNAMIC DERIVATIVES OF A LIGHT AIRCRAET ##s"

me++ INFLUENCED BY POWER EFFECTS. sean

S NSTP=1,CINT=.@5

S DXCGP=7.22968, TSTOP=g.

S DALT@=10¢9g.

PREPAR TIME,VEK,ALPHAD,Q,ETAD,ALT, GAMMAD, THETAD, AN

"4#&2 JACOBIAN ANALYSIS ##s"
S DPL=1.

START
D CGPOS,PLS

ANALYZ 'FREEZE'=X.,Y,Z,P,R,BETAR, TAU1, TAU3
ANALYZ 'JACOB'

S PRN=DIS

ANALYZ 'EIGEN' §"##¢ THIS COMMAND IS USED ONLY TO ###"
g"¢+¢ INITIATE THE JACOBIAN ANALYSIS ###"

S PRN=9

"e4t JACOBIAN ANALYSIS ##+"

S BEGIN=.F.
S DPL=1.

START
D CGPOS,PLS

ANALYZ 'JACOB'

S PRN=DIS
ANALYZ 'EIGEN'

STOP
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SDOEAP .L
/ ’ *4s# JACOBIAN ANALYSIS TO DEDUCE NON-DIMENSIONAL ##+4'
K '#s¢ AERODYNAMIC DERIVATIVES OF A LIGHT AIRCRAET ##+'
! *#s¢ INFLUENCED BY POWER EFFECTS. sen?
p- S NSTP=1,CINT=.$5 &
¥ S DXCGP=7.22968, TSTOP=@. NI
b S DALT@=1009@. RO
B RN
s PREPAR TIME, VEK,ALPHAD,Q,ETAD,ALT, GAMMAD, THETAD, AN ‘}.A‘f-"\-;:%
KOCLENEY
*4#4¢¢ JACOBIAN ANALYSIS ##+' ‘i
S DPL=1. - -
"-"’q - L
START RNYCRENAS
D CGPOS,PLS e .
CGPOS 32.3285397 PLS 1.00@0000@ ;’.-:_'p_: -,
v, ' -~
. haAS
- ANALYZ 'FREEZE'=X,Y,Z,P,R,BETAR, TAU1, TAU3 NSNS
. ANALYZ 'JACOB' NN
- N
L% %
) ROW VECTOR NAMES -
TAU@ 1 TAU2 2 Q 3 RGNS
. VT 4 ALPHAR 5 N
0N NN
5 COLUMN VECTOR NAMES e
~ TAU@DT 1 TAU2DT 2 QDOT 3 W
DVT 4 DALPHR 5 e
e MATRIX ELEMENTS - ROWS ACROSS, COLUMNS DOWN
- 1 2 3 4 5
R 1 9. 2. -$.9195946 @. ?.
- 2 9. 2. $.4996159 @. @.
- 3 -3.991E-@4 @.@1@1762 -2.5@35555 -9.349E-@5 -3.3652607
5 4 @.7681246 -19.585314 -3.$17429¢ -@.P43141¢ 4.6697616
. S 4.738E-g4 -@.@12¢811 $.9798915 -@.@@51@29 -1.4719298
'l S PRN=DIS
N
A e |
N *#¢¢ DIMENSIONAL JACOBIAN. #¢+ TN
s RO
'J LA Lo . >,
*. KRB A AN
.‘ AL SR
RV
Le - .P43141¢ 4.6697616 -.$17429¢ -19.5853136 NN
: TR XN
-.P@51829  -1.4719298 .9798915 -.p12@811 M
- .:‘ :_\“:.":.
- - .@@PP935  -3.36526@7  -2.5@35555 .P181762 ROV
% SN
e - PPPPPPP . PRPPPPP 14996159 . PPPPPTP N
. NIRRT
so.. -l
- NOTE: ASSUMED RELATIONSHIPS IN USE FOR CALCULATION S
- OF ANGULAR RATE DERIVATIVES. RO
v, PRI
g0 - .‘\'_.;_..‘




ta g

AP R

-PPPPPP9
ko h

- .@@21422
- .PP@p792
-PPPPPPP

- .@17429¢
.9798915
- .@328@73
.4996159

kb

.@819215
- .$192886
- .PP@5779

-PPPRPPP

AN

SN

- .PRagps7
- .PPPPP10
-PRPPPP9P

- .@PP5653
44+ NON-DIMENSIONAL AERODYNAMIC DERIVATIVES.

s+4 NON-DIMENSIONAL JACOBIAN.

- .22¢8641

cTv

- .P6@6333

CLV

- .@§5@9233

Ccbv

PLS 1.9090¢099

- .$15@985
4.4965@35

.263286¢
-.2876742
1.3753121
-3.6791788
3.2512172
-8.6975235

F.
'JACOB'

CLALPHA
CDALPHA
CMALPHA
CLDALPHA =
CMDALPHA =
cLQ
cMQ
=1.
CGPOS 32.3285397

cMv

t++s JACOBIAN ANALYSIS #*+'

S BEGIN
D CGPOS,PLS
ANALYZ

S DPL
START

)f-.-.-tﬂx\.l .
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ROW VECTOR NAMES

TAUZ 1 TAU2 2
VT 4 ALPHAR 5
COLUMN VECTOR NAMES
TAU@DT 1 TAU2DT 2 QDOT
DVT 4 DALPHR 5
MATRIX ELEMENTS - ROWS ACROSS, COLUMNS DOWN
1 2 3 4
1 @ g. -@.¢195946 @.
2 @. ?. $.4996159 @. ?.
3 -3.991E-@4 $.91§1762 -2.5@35555 -9.349E-@S -3.3652687
4 @.7681246 -19.585314 -9.017429¢ -@.P43141¢ 4.6697616
S 4.738E-§4 -@.912¢811 @.9798915 -@.@@51929 -1.4719298
S PRN=DIS

. -
PR
« 2
kY
's ‘e »

.
P
s e N

.
0 l‘
B

*+4 DIMENSIONAL JACOBIAN. ##4+¢

-.$431419  4.6697616  -.P17429¢ -19.5853136
-.@P51929  -1.4719298 .9798915 -.p12g811
- .@PPP935  -3.36526¢7  -2.5@35555 .§191762

-PE2PPP0 -PPPeP2P -4996159 -PPP2PPP

NOTE: ANGULAR RATE DERIVATIVES CALCULATED FROM
ELEMENTS OF THE JACOBIAN MATRIX.

L et

. ¥ oy
‘.
o

BEWARE OF POSSIBLE INACCURACY ASSOCIATED WITH SMALL CLIMB ANGLES.
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- .PPPPP12 - .PPP5779 -.p328@73 -PPPPPR9
- PPP2292 -PPPRPPP -4996159 -PPPR200 M
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APPENDIX 7.

SUBROUTINE INTERM(A)

[eNeKe!

INTEGER  ROCOL (S)

DIMENSION A(5,5),AA(5,5).AAA(S,5)
DIMENSION B(15)

LOGICAL  LINEAR

CHARACTER*1 ANS

DATA ROCOL/4,5,3,2,1/
LINEAR = ,FALSE.
c m#4+ REARRANGE ROWS OF JACOBIAN.
DO 19 I=1,5
DO 2¢ J=1,5
AAA (I,J)=A(ROCOL (I),J)
2§  CONTINUE
1  CONTINUE
c "s++ REARRANGE COLS OF JACOBIAN.
DO 3@ I=1,5
DO 4@ J=1,5
AA (I, J)=AAA(I,ROCOL (J))

a9 CONTINUE
3¢ CONTINUE

WRITE (9.8%)
DO 7¢ I=1,4
WRITE (9,85) (AA(I.J).J=1,4)

74 CONTINUE

WRITE (6,13@)
KEAD (S, 19@) ANS

IF ( LINEAR ) THEN
WRITE (9,123)

ELSE

WRITE (9, 124)
WRITE (9, 125)

WRITE (9.126)

ENDIF

JACOBIAN ANALYSIS SUBROUTINES

L Ry P Y P R P P P PP P Y R Y PP P Y LR

"a444a PROVIDES JACOBIAN REDUCTION ROUTINE 'ZZREDC' WITH ###4s"

Taaabd FLIGHT CONDITION DATA.
"asess  THIS SUBROUTINE MUST BE APPENDED TO SDOFAP.ACSL

C "#2¢ WRITE DIMENSIONAL JACOBIAN TO FILE.

o "#¢¢ ASCERTAIN WHETHER LINEAR ANALYSIS IS TO BE USED ###"

IF ( ANS .EQ. 1HY .OR. ANS .EQ. 1Hy ,
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0 L)
BLF. 7 )

2

N:ﬂ LAY

C "4#44 CALCULATE NON-DIMENSIONALISING FACTORS #4+¢"

P

C "4#¢ REQUIRED A/C DATA AT EQUILIBRIUM POINT ##4"

CALL ACINFO (CTPRP, SW,CW, THSET,XLT, XEPSAL)

LAy

QDS=.54RHO*VT*424SW

CTE=CTPRP

CWE=MASS*G/QDS

CDE=CTE *COS (THSET) -CWE *SIN (CAMMAR)
CLE=CWE *COS (GAMMAR) -CTE*SIN (THSET)
AMU=MASS/ (. 5*RHO*SW*CW)
FACT1=.5%*CW/VT

FACT2=.54CW/VT/VT

FACT3=FACT14%42

FACT4=CW*CW/4./VT

FACTS=CW/2.
FACT6=RHO*SW*CW*#3/8. /IYY
IYYND=1/FACT6

Y

)

PRRERTAES

L'

C 444 NON-DIMENSIONALISE JACOBIAN ELEMENTS. ##+"

‘l " ’.' l.’ l‘_ i._ /. ,

AA(1,1)=AA(1,1) *FACT1
AA(1,2)=AA(1,2) *FACT2
AA(1,3)=AA(1,3)
AA(1,4)=AA(1,4) *FACT2*.5

AA(2,1)=AA(2,1)*FACTS
AA(2,2)=AA(2,2) *FACT1
AA(2,3)=AA(2,3)
AA(2,4)=AA(2,4) *FACT1+.5

T ot v s oy

. AA(3,1)=AA(3,1) *FACT4
AA(3,2) =AA (3, 2) *FACT3
AA(3,3)=AA(3, 3) *FACT1
AA(3,4)=AA(3,4) *FACT3*.5

AAOhTIE ) 7SO

r 7

C "t¢¢¢ FLEMENTS OF ROW 4 ARE OF NO FURTHER USE ###"

e
l. ll 1._! .

5 C "44s DASS A/C INEO TO SUBROUTINE IN ARRAY B ###"

B (1) =SIN (GAMMAR)

B(2) =COS (GAMMAR)

B(3)=SIN(THSET)

: B (4) =COS (THSET)

N B(5) =CWE

N B(6) =CLE
B(7)=CTE

. B (8) =CDE

- B (9) =AMU

o B(1@) =IYYND

-, B(11)=XLT

B(12) =XEPSAL

B(13)=CW

- c "aee4es CALCULATE NON-DIMENSIONAL DERIVATIVES ##¢ese"

. CALL ZZREDC (AA,B,LINEAR)




MEGLE AN 2 2 v, -
Fﬁfﬁbﬁﬁa R N A A O L T T T T T o O T O T T Ty o T o L e T T A Y T T e e

eg FORMAT (////.31H ¢+¢ DIMENSIONAL JACOBIAN. #¢¢,//)

85 FORMAT (/,4X,F11.7,2X,F11.7,2X,F11.7,2X,F11.7)

1@  EORMAT (Al)

123 FORMAT(//.1X,S1HNOTE: ASSUMED RELATIONSHIPS IN USE FOR CALCULATION

./.1X,635H OF ANGULAR RATE DERIVATIVES. ,//)
124 EORMAT(// 1X,47HNOTE: ANGULAR RATE DERIVATIVES CALCULATED FROM
./.1X, 38H ELEMENTS OF THE JACOBIAN MATRIX.)

125 EORMAT(// 1X,4SHBEWARE OF POSSIBLE INACCURACY ASSOCIATED WITH
. 2¢H SMALL CLIMB ANGCLES. )
126 EORMAT( 1X,45H--~-~---crcecemrcc e rcemr e c e s m e c e e e e -
L2PH- == memoemmsmcon e o /)
13¢@ FORHAT(// 1X,46H SHOULD THE ANGULAR RATE DERIVATIVES BE EOUND ,/,
1X,42H BY USING ASSUMED RELATIONSHIPS. (Y/N) : ? . 4X83)

2¢¢  RETURN

END




REDUCE.F

1g

29

SUBROUTINE ZZREDC (AA,B,LINEAR)
+4¢ REDUCES DIMENSIONAL JACOBIAN TO NON DIMENSIONAL DERIVATIVES t4+#

PARAMETER (ISIZE=5,ISIZEM1=4) 14¢¢ SIZE OF THE PROBLEM #¢+#
LOGICAL FLAG, LINEAR

CHARACTER*1¢ C(11)

DIMENSION AA(ISIZE,ISIZE),B(24),D(11)

REAL IYYND, LT

DATA C /'CTV =','CLV =, 'CDV =1, 'CMV =',
1 'CLALPHA =','CDALPHA =','CMALPHA =', 'CLDALPHA ="',
1 'CMDALPHA =', 'CLQ =1, 'CMQ =1y

+#+ WRITE NON-DIMENSIONAL JACOBIAN TO FILE #+¢#
WRITE (9.59)

DO 2¢ I=1,ISIZEM1

WRITE (9,7¢) (AA(I.J),J=1,ISIZEM1)

CONTINUE

¢4+ RECONSTITUTE FLIGHT DATA ##+#

SGA  =B(1)
CGA =B(2)
SAL  =B(3)
CAL =B (4)
CWE =B(S)
CLE =B(6)
CTE =B(7)
CDE =B (8)
AMU =B (9)
IYYND =B (19)
XLT =B(11)
XEPSAL=B (12)
CW  =B(13)

IF ( LINEAR ) THEN

*+¢ APPROXIMATE SURPLUS DERIVATIVE CTV ##¢

D(1) = -3.@*CTE 1CTV

#¢4 CALCULATE NON-DIMENSIONAL DERIVATIVES #+¢

D(6) = CLE-2.@*AMU*AA(1,2) 'CDALPHA
D(3) = D(1)*CAL+2.@*CWE*SGA-2.@*AMU*AA(1,1) !CDV

D(11) = IYYND*AA(3,3)/(1.@+XEPSAL*AA(2.3)) 1CMQ

D(9) = D(11)*XEPSA" ' CMDALPHR
D(1¢) = -D(11) *CW/XLT 1CLQ

D(8) = XEPSAL*D(1Q) ' CLDALPHA
DENOM = 2.@%AMU+D(8) ' DENOMINATOR

W s e e N T R R R N N R T Ty BERA RN A A I AR A DA S
RCAGA A A
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D(5) = -AA(2,2)*DENOM-CDE {CLALPHA
D(2) = -D(1)*SAL-AA(2,1)*DENOM-2.@*CWE*CCGA  ICLV
D(4) = IYYND*AA(3,1)-D(9)*AA(2,1) 1CMV
D(7) = IYYND*AA(3,2)-D(9)*AA(2,2) !CMALPHA
ELSE
o 44+ APPROXIMATE SURPLUS DERIVATIVE CTV ##4¢
D(1) =-3.*¢CTIE ! CTV
o ¢+4 CALCULATE NON-DIMENSIONAL DERIVATIVES ###
D(8) = -CWE*SGA/AA(2,4)-2.*AMU ! CLDALPHA
v DENOM= 2.@*AMU+D (8) ! DENOMINATOR
" D(9) = -AA(3,4)*IYYND*DENOM/CWE/SGA ! CMDALPHA
- D(6) = CLE-2.*AMU*AA(1,2) ! CDALPHA
7 D(5) = -AA(2,2)*DENOM-CDE ! CLALPHA
" D(1¢)= 2.*AMU-AA(2, 3) *DENCM ! CLQ
D(3) = D(1)*CAL+2.4CWE*SGA-2.*AMU*AA(1,1) ! CDV
D(2) = -D(1)#*SAL-2.*CWE*CGA-DENOM*AA(2,1) ! CLV
FACT1= D(9)* (D(1) *SAL+D(2) +2.*CWE*CGA) /DENOM
D(4) = IYYND*AA(3,1)+FACT1 ! CMV
D(7) = IYYND*AA(3,2)+D(9)*(D(5)+CDE)/DENOM ! CMALPHA
D(11)= IYYND*AA(3,3)-D(9)*(2.*AMU-D(1@))/DENOM! CMQ _
o ENDIF N
-
> Yatay,
-~ . NN
- o #4¢4 OUTPUT COEFFICIENTS TO FILE SDOFAP.L #¢¢¢ e
f L .:_\:
. WRITE (9, 6@) L 3
o DO 3¢ II=1,11 Sty
- WRITE (9,4@) C(II),D(II) :
N 3g CONTINUE
e WRITE (9, 8%)

ag FORMAT (/. 4X,Al@, 2X,F14.7)
5@ FORMAT (////.35H #%¢ NON-DIMENSIONAL JACOBIAN. #%¢, //)
6@ EORMAT(////
..S@H #+* NON-DIMENSIONAL AERODYNAMIC DERIVATIVES. *¢¢ //)
79 FORMAT (/,4X.F11.7,2X,F11.7,2X,F11.7, 2X,F11.7)
8p FORMAT(///)

RETURN

END

SUBROUTINE ACINFO(CTP,SWING,CWING,ALPT, XLT,6 XEPSAL)

INCLUDE 'ETPAR.F'

CTP=CTPROP
SWING=SW
CWING=CW
ALPT=THSET
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44 CALCULATE THE TAILPLANE'S MOMENT ARM ( XLT ) ##+¢
XLT = XT - XQARTC
*¢¢ THE RATE OF CHANGE OF DOWNWASH WITH ALPHA IS PREFIXED WITH ##¢
*4¢ AN 'X' TO OVERCOME PROBLEMS WITH THE COMMON STATEMENT. tae
XEPSAL = EPSAL
RETURN

END
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